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COMPOUNDS HAVING MUSCARINIC
RECEPTOR ANTAGONIST AND BETA?2

ADRENERGIC RECEPTOR AGONIST
ACTIVITY

CROSS REFERENCES TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/098,662, filed on Dec. 6, 2013, now U.S.
Pat. No. 8,980,913, and claims priority to European Patent
Application No. 12195898.7 filed on Dec. 6, 2012, which 1s

incorporated herein by reference 1n its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to compounds which act
both as muscarinic receptor antagonists and beta2 adrenergic
receptor agonists. The present invention also relates to
processes lor preparing such a compound, compositions
which contain such a compound, therapeutic uses of such a
compound, and combinations of such a compound with
other pharmaceutical active ingredients.

2. Discussion of the Background

Pulmonary disorders, such as asthma and chronic obstruc-
tive pulmonary disease (COPD), are commonly treated with
bronchodilators. A known class of bronchodilators consists
of beta-2 adrenergic receptor agonists, such as salbutamol,
tenoterol, formoterol and salmeterol. These compounds are
generally admimistered by inhalation.

Another known class of bronchodilators consists of mus-
carinic receptor antagomists (anticholinergic compounds),
such as ipratropium and tiotropium. These compounds are
also typically administered by inhalation.

Inhaled formulations of both beta-2 agonists and musca-
rinic receptor antagonists are valuable agents 1n the treat-
ment of asthma and COPD, with both classes of agents
providing symptomatic relief due to their ability to relax
constricted arrways. Observations that the bronchodilator
cllects of the two classes of agents were additive, prompted
studies with combinations of the two agents. In 1975, 1t was
shown that beneficial effects could be achieved by combin-
ing two ingredients such as fenoterol and ipratropium bro-
mide 1n a single aerosol. This prompted the development of
fixed dose combinations of ipratropium bromide firstly with
tenoterol (Berodual, mntroduced in 1980), and then with
salbutamol (Combivent, introduced in 1994).

More recently the availability of both long-acting mus-
carinic antagonists and long-acting beta-2 agonists
prompted to the development of combinations of these
agents. For example, WO 00/69468, which 1s incorporated
herein by reference in 1ts entirety, discloses medicament
compositions containing a muscarinic receptor antagonist,
such as tiotropium bromide, and beta-2 adrenergic receptor
agonists, such as formoterol fumarate or salmeterol, and WO
2005/1154677, which 1s incorporated herein by reference 1n
its entirety, discloses a combination which comprises a
beta-2 agonist and an antagonist of M3 muscarinic receptors
which 1s a salt of 3(R)-(2-hydroxy-2,2-dithien-2-ylacetoxy)-
1-(3-phenoxypropyl)-1-azoniabicyclo[2.2.2]octane.

An alternative approach to the development of fixed dose
combinations 1s the 1dentification of molecules that combine
both activities of muscarinic antagonism and beta-2 ago-
nism. In fact compounds possessing both beta-2 adrenergic
receptor agonist and muscarinic receptor antagonist activity
are highly desirable since such bifunctional compounds
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2

would provide bronchodilation through two independent
mechanisms of action while having a single molecule phar-
macokinetics.

Such kind of compounds was described 1n some patent
applications, such as WO 2004/074246, WO 2004/074812,
WO 2005/051946, WO 2006/023457, WO 2006/023460,
WO 2010/123766, WO 2011/048409, and co-pending patent

application WO 2012/168359, all of which are incorporated
herein by reference 1n their entireties.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s one object of the present invention to
provide novel compounds which act both as muscarinic
receptor antagonists and beta2 adrenergic receptor agonists.

It 1s another object of the present mvention to provide
novel processes for preparing such a compound.

It 1s another object of the present invention to provide
novel compositions which contain such a compound.

It 1s another object of the present mvention to provide
novel methods for treating and/or preventing certain dis-
cases and conditions by administering such a compound.

It 1s another object of the present mvention to provide
novel combinations of such a compound with other phar-
maceutical active ingredients among which are, for instance,
those currently used in the treatment of respiratory disorders,
among which beta2-agonists, antimuscarinic agents, mito-
gen-activated protein kinases (P38 MAP kinase) inhibitors,
nuclear factor kappa-B kinase subunit beta (IKK2) 1nhibi-
tors, human neutrophil elastase (HNE) inhibitors, phos-
phodiesterase 4 (PDE4) inhibitors, leukotriene modulators,
non-steroidal anti-inflammatory agents (NSAIDs), antitus-
s1ve agents, mucus regulators, mucolytics, expectorant/mu-
cokinetic modulators, peptide mucolytics, antibiotics,
inhibitors of JAK, SYK inhibitors, inhibitors of PI3Kdelta or
PI3K gamma, corticosteroids, and M3-antagonists/PDE4-1n-

hibitors (MAPI).

These and other objects, which will become apparent
during the following detailed description, have been

achieved by the inventors’ discovery of compounds of
general formula (I), described below.

It has now been found that some particular carbamate
derivatives, besides possessing both beta-2 adrenergic
receptor agonist and muscarinic receptor antagonist activity,
possess elevated aflinity for the M3 muscarinic receptors
and long lasting bronchodilating activity.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

In particular, the present invention provides compounds
of general formula (I)

()
V4

H
N (G M O
Ry Ry
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wherein
Q 1s a group of formula Q1, Q2, or Q3

Q1
Q2
O
-
R )\
i ‘
HO/ \/
Q3
HO/D)_\
HO
/. 1s H or OH;
Y 1s Y' or Y1 which are divalent groups of formula
YJ’
A;—B— (CH,);— Ay—C—D—(CH,),,—E or
Y1

A—C—B—C'—D—(CH,)p—E

wherein

Al and A2 are independently absent or are selected from
the group consisting of (C,-Cjalkylene, (C;-Cy)cy-
cloalkylene, and (C;-Cy)heterocycloalkylene option-
ally substituted by one or more substituents selected
from the group consisting of (C,-Cy)alkyl, aryl(C,-C)
alkyl and heteroaryl(C,-C,)alkyl;

B 1s absent or 1s selected from the group consisting of
(C;-Cy)eycloalkylene,  (C,-Cg)heterocycloalkylene,
arylene, and heteroarylene, optionally substituted by
one or more groups selected from halogen, mitrile,
linear or branched (C,-Cj)alkyl, linear or branched
(C,-Cy)haloalkyl, (C,-Cy)alkoxy, aryl, aryl(C,-C,)
alkyl, —NR-(R), and heteroaryl;

C and C' are absent or are independently selected from the

group consisting of —O—, —CO—, —OC(O)— and
—C(OO)— or 1s one of the tollowing groups C1-C14
Cl
R: O
|
C2
O— (CH,)n—0O H

O
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-continued
3
O
T,~I S
(CHy),, O
|
COOR~
C4
I
1“~T (CH,),—0O0—C
R7
5
I
ﬁ 0—(CHE)H—1\‘J C
O R~
C6
O
[
1 I
§ N—(CH,),—0—C
7
O R O
%_ | u
O—C—(‘i—NH—C
Rg
C8
O O
g_ u u
I“J—C—T—(CHE)H—O—C
R; R
9O
I I
% C 1‘\T—(CH2)H—O C
R7
C10
O
g_ [
(CHy),—O—C
Cl1
I I
§ iS T—(CHz)H—O C
O R~
C12
O O
% |/ > [
C N\ (CH,),—O0—C
C13
O
§ [
T—(CHz)H—O—C
N
J R
O/ ;
14

wherein R, R~ and Ry are independently H or selected
from the group consisting of linear or branched (C,-
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Celalkyl, (C5-Cg)eycloalkyl, (C4-Cg)cycloalkyl(C, -Cy)
alkyl, (C,-Cg)heterocycloalkyl(C,-Cy)alkyl, aryl, and
aryl(C,-Cy)alkyl, optionally substituted by one or more
substituents selected from the group consisting of (C, -
Cyalkyl, halo(C,-Cj)alkyl, halogen atoms, (C,-C.)
alkoxy, and halo(C, -C;)alkoxy;

D 1s absent or 1s selected from the group consisting of
(C,-Cylalkylene, arylene, heteroarylene, and (C,-C,)
heterocycloalkylene, optionally substituted by one or
more (C,-Cylalkyl groups;

n, n', m and p are independently O or an integer from 1 to
3;

E 1s absent or 1s selected from —O— and —OC(O)—;

G 15 arylene optionally substituted by one or more sub-
stituents selected from the group consisting of halogen atom,
—OH, oxo (=0), —SH, —NO,, —CN, and —NH,;

R, and R, are independently H or selected trom the group
consisting of (C,-Cy)alkyl and aryl, optionally substituted
by one or more halogen atoms;

M 1s —N(R;)—;

R, 1s H or (C,-Cy)alkyl;

R, 1s a group of formula J1

Ao

N

J1

and pharmaceutically acceptable salts and solvates thereof.

The expression *(C,-C )alkyl” refers to straight or
branched chain alkyl groups wherein the number of carbon
atoms 1s from 1 to x. Examples of groups are methyl, ethyl,
n-propyl, 1sopropyl, t-butyl, pentyl, hexyl, octyl, nonyl,
decyl, undecyl, dodecyl, and the like.

In an analogous manner, the expression “(C,-C,)alky-
lene” refers to divalent groups, such as methylene, ethylene,
n-propylene, 1sopropylene, t-butylene, pentylene, hexylene,
octylene, nonylene, decylene, undecylene, dodecylene, and
the like.

The expression “(C,-Cy)haloalkyl” refers to the above
“(C,-Cylalkyl” group wherein one or more hydrogen atoms
are replaced by one or more halogen atoms, which can be the
same or different from each other. Examples of said (C,-
C,)haloalkyl groups include halogenated, poly-halogenated
and fully halogenated alkyl groups wherein one or more of
the hydrogen atoms are replaced by halogen atoms, e.g.
tritluoromethyl group.

The expression “(C,-C,)alkoxy” refers to alkyl-oxy (e.g.
alkoxy) groups, with the alkyl portion as above defined.
Examples of said groups comprise methoxy, ethoxy,
n-propoxy, 1sOpropoxy, n-butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentoxy, hexoxy, and the like.

The expression “halo(C,-C;)alkoxy” include haloge-
nated, poly-halogenated and fully halogenated alkyl-oxy
(e.g. alkoxy) groups, being the alkoxy portion as above
defined wherein one or more of the hydrogen atoms are
replaced by halogen atoms, e.g. trifluoromethoxy group.

The expression “(C,-Cy)cycloalkyl” refers to mono or
bi-cycloaliphatic hydrocarbon groups with 3 to 8 carbon
atoms. Examples include cyclopropyl, cyclobutyl, cyclopen-
tyl, cyclohexyl, cycloheptyl, bicyclo[2.2.1]hept-2-y]l, and
the like.
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The expression “(C;-Cg)heterocycloalkyl” refers to (C;-
Cg)cycloalkyl groups, 1n which at least one ring carbon atom
1s replaced by a heteroatom or heteroaromatic group (e.g. N,
NH, S or O). Examples include quinuclidinyl, pyrrolidinyl,
piperidinyl, azabicyclo[3.2.1]octan-3-yl and azoniabicyclo
[2.2.2]octanyl, and the like.

In an analogous manner, the expressions “(C;-Cg)cy-
cloalkylene” and “(C,-Cg)heterocycloalkylene™ refer to
divalent groups, such as, respectively, cyclopropylene,
cyclobutylene, cyclopentylene, cyclohexylene, cyclohepty-
lene, bicyclo[2.2.1]hept-2-ylene and quinuclidinylene, pyr-
rolidinylene, pipendinylene, azabicyclo[3.2.1]octan-3-
ylene, azomabicyclo[2.2.2]octanylene, and the like.

The expression “aryl” refers to mono, bi- or tricyclic ring
systems having 5 to 20, preferably from 5 to 15, ring atoms,
and wherein at least one ring 1s aromatic.

The expression “heteroaryl” refers to mono, bi- or tri-
cyclic systems with 5 to 20 ring atoms, preferably from 5 to
15, 1n which at least one ring 1s aromatic and 1n which at
least one carbon ring atom 1s a heteroatom or heteroaromatic
group (e.g. N, NH, S or O).

Examples of suitable aryl or heteroaryl monocyclic sys-
tems include, for instance, thiophene (thiophenyl), benzene
(phenyl), pyrrole (pyrrolyl), pyrazole (pyrazolyl), imidazole
(1midazolyl), 1soxazole (isoxazolyl), oxazole (oxazolyl), 1s0-
thiazole (1sothiazolyl), thiazole (thiazolyl), pyridine (pyridi-
nyl), imidazolidine (1imidazolidinyl), furan (furanyl) radicals
and the like.

Examples of suitable aryl or heteroaryl bicyclic systems
include naphthalene (naphthyl), biphenylene (biphenyle-
nyl), purine (purinyl), pteridine (pteridinyl), benzotriazole
(benzotriazolyl), quinoline (quinolinyl), isoquinoline (1so-
quinolinyl), indole (indolyl), 1soindole (isoindolyl), benzo-
thiophene  (benzothiophenyl), dihydrobenzo  dioxin,
dihydro-indene, dihydrobenzo dioxepin, benzo oxazin radi-
cals and the like.

Examples of suitable aryl or heteroaryl tricyclic systems
include fluorene radicals as well as benzocondensed deriva-
tives of the aforementioned heteroaryl bicyclic systems. In
an analogous manner, the expressions “arylene” and “het-
croarylene” refer to divalent groups, such a phenylene,
biphenylene and thienylene.

The expressions “aryl(C,-Cj)alkyl,” “heteroaryl(C,-C,)
alkyl,” *“(C;-Cg)heterocycloalkyl(C,-Cylalkyl,” and *“(Cs;-
Cyq)cycloalkyl(C,-Cjlalkyl” refer to a (C,-Cj)alkyl respec-
tively substituted by one or more aryl, heteroaryl, (C,-C,)
heterocycloalkyl or (C;-Cg)cycloalkyl groups, as defined
above. Examples of aryl(C,-Cy)alkyl include triphenylm-
cthyl.

Whenever basic amino or quaternary ammonium groups
are present 1n the compounds of formula I, physiological
acceptable anions, selected among chlonide, bromide,
iodide, trifluoroacetate, formate, sulfate, phosphate, meth-
anesulfonate, nitrate, maleate, acetate, citrate, fumarate,
tartrate, oxalate, succinate, benzoate, p-toluenesulfonate,
pamoate and naphthalene disulfonate may be present. Like-
wise, 1n the presence of acidic groups such as COOH groups,
corresponding physiological cation salts may be present as
well, for mstance including alkaline or alkaline earth metal
101S.

It will be apparent that the compounds of general formula
I may contain asymmetric centers. Therefore, the mnvention
also 1includes any of the optical stereoisomers, diastereoiso-
mers and mixtures thereof, 1n any proportion.
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In particular, the carbon atom linked to R, R,, G and M
groups, depending on the meanings provided to R, and R,
among those formerly reported, may represent a chiral
center.

In an embodiment, the configuration is (S).

In another embodiment, the absolute configuration of this
chiral center 1s preferably (R).

In another preferred embodiment, the compounds of gen-
eral formula I described 1n the present invention are present
as mixtures ol diastereoisomers.

In another embodiment, when in the compounds of gen-
eral formula I,

R, 1s a group of formula J1

J1

N/

the carbon atom marked with an asterisk represents a chiral
center.

In a preferred embodiment, this chiral center has (R)
configuration.

It 1s apparent for the skilled 1n the art that compounds of
general formula I wherein R, 1s J1 contain three stereogenic
centers, as indicated below with the asterisk (*). This means
that the structure of formula I i1s characterized by eight
different sterecoisomers.

(D
V4

H H
Q X N\ /"G7<N\[ro
O

R, R,

It 1s to be understood that all preferred groups or embodi-
ments described below for compounds of formula I may be
combined among each other and apply as well mutatis
mutandis.

A first preferred group of compounds 1s that of general
formula I wherein QQ 1s a group of formula Q1, Q2 and Q3

Q1

Q2

Y
\

\
/
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-continued
Q3
HO
HO
7. 1s H or OH;
Y 1s Y' or Y1 which are divalent groups of formula
Y.’
Aj—B—(CH,31A;—C—D—(CH,)—E
Y1

A —C—B—C'—D—(CH,)p—E

wherein

Al and A2 are independently absent or are selected from
the group consisting of (C,-Cylalkylene, (C;-Cg)cy-
cloalkylene, and (C;-Cg)heterocycloalkylene, option-
ally substituted by one or more substituents selected
from the group consisting of (C,-Cy)alkyl, aryl(C,-C,)
alkyl, and heteroaryl(C, -C;)alkyl;

B 1s absent or 1s selected from the group consisting of
(C5;-Ci)eycloalkylene,  (C;-Cy)heterocycloalkylene,
arylene, and heteroarylene, optionally substituted by
one or more groups selected from halogen, nitrile,
linear or branched (C,-Cj)alkyl, linear or branched
(C,-Cohaloalkyl, (C,-Cjlalkoxy, aryl, aryl(C,-C,)
alkyl, —NR-(R), and heteroaryl;

C and C' are absent or are independently selected from the
group consisting of —O—, —CO—, —OC(O)— and
—C(O0O)— or 1s one of the following groups C1-C14

C1
R, O
|
§ ]
(2
g—o—(cm)n—o H
O
3
O
|
N S
| |
(CH,), O
|
COOR~
C4

I
%T_(CHZ)H_O_C
Ry
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_continued E i.s absent or is.selected fr01}1 O— and —OC(O)—;
C5 (G 1s arylene optionally substituted by one or more sub-
O stituents selected from the group consisting ot halogen atom,

| —OH, oxo (=0), —SH, —NO,, —CN, and —NH.,;
| | 5 R,, R,, M, R, and R, are as defined above.

O R~ Still more preferred within this first group, are the com-
C6 pounds of general formula I, wherein Q 1s Q1
O
[
C—R5 O
g_ \ u 1 Q!
N— (CH,),—O—C
C7
O R- ®
§ || u .
O C (‘3—NH C
Rg
O O C8 7. 1s H or OH;
g_ | | . Y 1s Y1 which 1s a divalent group of formula
N—C—N—(CH,),—0—C
| |
R, R Y1
C9o
O O
§_H | s A—C—B—(C'—D—(CH,)p—E
C—N—(CH,),—0—C
|
R7
O C10 wherein
| Al 1s absent or 1s selected from the group consisting of
(CH,),—O0—C 30 (C,-Cyalkylene, (C;-Cy)cycloalkylene, and (C,-Cg)
heterocycloalkylene, optionally substituted by one or
C11 more substituents selected from the group consisting of
(ﬁ ﬁ (C,-Cylalkyl, aryl(C,-Cy)alkyl, and heteroaryl(C,-C,)
alkyl;
g_ﬁ T (CHP—0—C 35> B is absent or is selected from the group consisting of
O R, (C;-Cy)eycloalkylene,  (C,-Cy)heterocycloalkylene,
C12 arylene, and heteroarylene, optionally substituted by
O O one or more groups selected from halogen, nitrile,
!—N/ - _O_ﬂ linear or branched (C,-C,)alkyl, linear or branched
\ (EE), 40 (C,-Cy)haloalkyl, (C,-Cy)alkoxy, aryl, and heteroaryl;
C and C' are absent or are independently selected from the

C13 group consisting of —O—, —CO—, —OC(O)— and

ﬁ —C(O0O)— or 1s one of the following groups C1-C14
N— (CH,),—O—C
\ 45
O=>\
Cl
O// R, R, O
Cl4 I!J H
/N
H 50
§_N C / O—C o
g—o—(cm)n—o H
wherein R,, R-. and Ry are independently H or selected O
from the group consisting of linear or branched (C,- >3 C3
Cylalkyl, (C5-Cg)eycloalkyl, (C4-Cy)cycloalkyl(C, -Cy) 9,
alkyl, (C,-Cy)heterocycloalkyl(C,-C,)alkyl, aryl, and . |
aryl(C,-Cy)alkyl, optionally substituted by one or more | ﬁ
substituents selected from the group consisting of (C, - (CH,), O
Cylalkyl, halo(C,-Cyalkyl, halogen atoms, (C,-C.) 60 |
alkoxy, and halo(C, -C, )alkoxy; COOR;7
D 1s absent or 1s selected from the group consisting of C4
(C,-Cylalkylene, arylene, heteroarylene, and (C,-Cy) (‘:‘)
heterocycloalkylene, optionally substituted by one or N — (CH,),—0—C
more (C,-Cy)alkyl groups; 65 |

n, n', m and p are independently O or an integer from 1 to Ry

3;
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-continued
CH
I
ﬁ O—(CH,), IiJ C
O R~
Co
O
[
[ I
§—N—(CH2)H 0—C
C7
O R O
§ | u
O C (‘3—NH C
Rg
C38
O O
g_ | u
I‘\I—C—T—(CHZ)H—O—C
R R+
C9o
O O
g_u u
C—T—(CHE)H—O—C
R7
C10
O
g_ u
(CHy),—0O—C
Cll1
O O
g_u u
ﬁ—T—(CHz)H—O—C
O R,
Cl2
O O
g_u / > u
C—N\ (CH,),—0=—C
C13
O
§ [
T—(CHz)H—O—C
O=>\
/R
O/ 7
Cl4

wherein R, R and Ry are independently H or selected
from the group consisting of linear or branched (C, -
Cylalkyl, (C5-Cg)eycloalkyl, (C4-Cy)cycloalkyl(C, -Cy)
alkyl, (C;-Cy)heterocycloalkyl(C,-Cjlalkyl, aryl, and
aryl(C,-Cy)alkyl, optionally substituted by one or more
substituents selected from the group consisting of (C, -
Cylalkyl, halo(C,-Cy)alkyl, halogen atom, (C,-C/)
alkoxy, and halo(C, -C;)alkoxy;

D 1s absent or 1s selected from the group consisting of
(C,-Cy)alkylene and arylene, optionally substituted by
one or more (C,-Cyalkyl groups;

n and p are independently O or an integer from 1 to 3;
E 1s absent or 1s selected from —O— and —OC(O)—;
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G 1s arylene optionally substituted by one or more sub-
stituents selected from the group consisting of halogen atom,
—OH, oxo (=0), —SH, —NO,, —CN, and —NH.,,.

Still more preferred within this first group, are the com-
pounds of general formula I, wherein Al 1s (C,-C)alkylene;
B 1s absent or is selected from the group consisting of
(C;-Cy)eycloalkylene, (C4-Cy)heterocycloalkylene, arylene,
and heteroarylene, optionally substituted by one or more
groups selected from halogen, nitrile, linear or branched
(C,-Cylalkyl, linear or branched (C,-C,)haloalkyl, and (C, -
Cy)alkoxy; C and C' are absent or are independently selected
from the group consisting of —O—, —CO—, —OC(O)—
and —C(OO)— or 1s one of the following groups C4,
C7-C13

C4
I
T‘J—(CHZ)H—O—C
Ry
7
0O R, O
% | n
O C (‘3 NH C
Rg
C8
O O
% [ [
I*‘J C r‘q (CH)7—0—C
R, R
9O
O O
§ | [
C IiJ (CHy)—O0—C
R7
C10
O
% [
(CHy)m—0—C
C1l1
O O
g_\ u
is—r‘ﬁ—(CHz)ﬂ 0—C
O R,
C12
O O
%H / > [
C—N\ (CH,)—/ O0—C
C13
O

C

N — (CH>)

0=S
o// \R?

wherein R,, R, and R, are independently H or selected
from the group consisting of linear or branched (C, -
Cqlalkyl, (C;-Cy)cycloalkyl, aryl, and aryl(C,-C;)
alkyl, optionally substituted by one or more substitu-
ents selected from the group consisting of halogen
atoms and (C,-C;)alkoxy;

D 1s absent or 1s selected from the group consisting of
(C,-Cylalkylene and arylene, optionally substituted by
one or more (C,-Cyalkyl groups;
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n and p are independently O or an integer from 1 to 3;

E 1s absent or 1s —O—;

G 15 arylene optionally substituted by one or more sub-
stituents selected from the group consisting of halogen
atom, —OH, oxo (=0), —SH, —NO,, —CN, and
—NH,.

Even still more preferred within this first group are the
compounds of general formula I, wherein Al 1s selected
from the group consisting of methylene, propylene, and
butylene; B 1s absent or 1s selected from the group consisting,
of piperidinylene, phenylene, pyridinediyl, furanediyl, thio-
phenediyl, and cyclohexylene, optionally substituted by one

or more groups selected from methoxy, trifluoromethyl,
fluorine, and chlorine; C 1s absent or 1s selected from the

group consisting of —OC(O)—, C4, C7-C13
C4
O
g_ u
T“I_(CHz)H_O_C
R7
C7
O R- 0
%_ | \
O—C—(‘j—NH—C
Rg
C8
O O
g_ | [
T—C—T—(CHZ)H—O—C
R~ R
C9
O O
%H u
C—I“J—(CHz)H—O—C
R7
C10
O
g |
(CHy)7—O—C
Cll1
O O
% | [
‘S I*‘J—(CHg)H 0—C
O R
Cl2
O O
g_u / u
C—N\ (CHy)—0O—C
C13
O
|
I‘\I—(CHg)—O—C
0=\
0// \R?
and C' 1s absent or —CO—; R,, R, and R, are indepen-

dently H or selected from the group consisting of linear or
branched (C,-Cjlalkyl, (C;-Cy)cycloalkyl, aryl, and aryl
(C,-Cylalkyl, optionally substituted by one or more sub-
stituents selected from the group consisting of halogen atom
and (C, -Cj)alkoxy; D 1s absent or 1s selected from the group
consisting of (C,-Cy)alkylene and arylene; n 1s 2 or 3 and p
1s 1; E 1s —O—; G 1s phenylene.
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A second group of preferred compounds of general for-
mula I 1s that wherein Q) 1s a group of formula Q1, Q2 and

Q3
OY\
HN
\
HO
O
>\S
10"~

Z

Q1

7\

Q2

\

/

Q3

AN

7. 1s H or OH;
Y 1s Y' which 1s a divalent group of formula

Y.’

Al_ B_ (CHZTAZ

wherein

Al and A2 are independently absent or are selected from
the group consisting of (C,-Cjalkylene, (C;-Cy)cy-
cloalkylene, and (C,-Cg)heterocycloalkylene, option-
ally substituted by one or more substituents selected
from the group consisting of (C,-Cy)alkyl, aryl(C,-C)
alkyl, and heteroaryl(C, -C;)alkyl;

B 1s absent or 1s selected from the group consisting of
(C5-Cyi)eycloalkylene,  (C;-Cy)heterocycloalkylene,
arylene, and heteroarylene, optionally substituted by
one or more groups selected from halogen, nitrile,
linear or branched (C,-C,)alkyl, linear or branched
(C,-Cy)haloalkyl, (C,-Cy)alkoxy, aryl, aryl(C,-C,)
alkyl, —NR-(R), and heteroaryl;

C and C' are absent or are independently selected from the
group consisting of —O—, —CO—, —OC(O)— and
—C(O0O)— or 1s one of the following groups C1-C14

Cl

C2

%O—(CHQ)H—O—“—%
O
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-continued
C3
I
g_? E‘i
(CHy), O
|
COOR~
C4
I
%T—(CH&H_O C
R7
C5
I
g—ﬁ—o—(c}b)—lﬁ—c
O R,
C6
O
[
T I
g—N—(CHz)H—O C
C7
R, O
g_ | [
O—C—(‘E—NH—C
Rg
C8
O O
g_ | [
T_C IiJ (CH,)—O0—C
R; R
C9
O O
g_u u
C—T—(CHQ)H—O—C
R7
C10
O
§ [
(CH,)—O0—C
Cl1
O O
| [
?_T_(CHz)H_O_C
O R
C12
O O
§ I/ [
C—N (CHy);—0—C
C13
I
T_(CHz)H_O C
O=35
0// \RT
C14

wherein R, R and Ry are independently H or selected
from the group consisting of linear or branched (C, -
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Celalkyl, (C5-Cy)cycloalkyl, aryl, and aryl(C,-Cy)
alkyl, optionally substituted by one or more substitu-
ents selected from the group consisting of halogen atom
and (C,-Cy)alkoxy;

D 1s absent or 1s selected from the group consisting of
(C,-Cylalkylene, arylene, heteroarylene, and (C;-C,)
heterocycloalkylene, optionally substituted by one or
more (C,-Cy)alkyl groups;

n, n' and m are independently O or an 1integer from 1 to 3;

E 1s absent or 1s selected from —O— and —OC(O)—;

G 1s arylene optionally substituted by one or more sub-

stituents selected from the group consisting of halogen
atoms, —OH, oxo (=0), —SH, —NO,, —CN, and —NH,;

R,, R,, M and R, are as defined above.
Still more preferred within this second group, are the

compounds of general formula I, wherein Q 1s a group of

formula Q1
Q1
O
Y\
HN
HO N
/. 1s H or OH;
Y 1s Y' which 1s a divalent group of formula
YJ’
A;—B—(CH,)y,— A;—C—D—(CH,),,—E
wherein

Al and A2 are independently absent or are selected from
the group consisting of (C,-Cyalkylene and (C;-Cy)

heterocycloalkylene, optionally substituted by one or
more (C,-Cj)alkyl;

B 1s absent or 1s selected from the group consisting of
(C5;-Cyheterocycloalkylene, arylene, and  het-
croarylene, optionally substituted by one or more
groups selected from halogens, linear or branched
(C,-Cyalkyl, linear or branched (C,-C,)haloalkyl, (C, -

Cs)alkoxy, and aryl;

C 1s selected from the group consisting of —O
—CO—, —0OC(0O)— and —C(OO)— or 1s one of the
following groups C4, C8-C12

C4

O

P

N— (CH,)—O

C3
O O

N—C—N—(CH,)=—0—=C

R R’
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-continued
9
O O
| |
C I“J—(CHZ) 0—C
R~
C10
O
(CHg)—O—C
Cl1
O O
| |
ﬁ }‘J_(CHZ)H O C
O R
C12
O

(-

C—N

\

(CH;)—O—C

wherein R, and R, are independently H or selected
from the group consisting of linear or branched
(C,-Cylalkyl, (C5-Cq)eycloalkyl, aryl, and aryl(C, -
Cs)alkyl, optionally substituted by one or more sub-
stituents selected from the group consisting of halo-
gen atom and (C,-Cy)alkoxy;

D 1s absent or 1s selected from the group consisting of
(C,-Cy)alkylene and arylene;

n, n' and m are independently O or an integer from 1 to
3;

E 1s absent or 1s selected from —O— and —OC(O)—;

G 1s arylene;

R,, R,, M, R, and R, are as defined above.

Even still more preferred within this second group, are the
compounds of general formula I, wherein Al 1s (C,-C)
alkylene and A2 1s absent or 1s (C;-Cg)heterocycloalkylene;

B 1s absent or 1s selected from the group consisting of
(C;-Cy)heterocycloalkylene, arylene and  het-
croarylene, optionally substituted by one or more
groups selected from halogen, linear or branched (C, -
C)alkyl, linear or branched (C,-C,)haloalkyl, and (C, -

Cy)alkoxy;

C 1s selected from the group consisting of —O—,
—CO—, —0OC(O)— and —C(OO)— or 1s one of the

following groups C4, C8-C12

C4
O
|
|
R7
C8
O O
| |
N—C—
| |
R; Ry
C9
O O
| l
C_

R7
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-continued
C10
O
|
C
Cl1
O O
| |
is IiJ (CHy)— O0—C
O R,
C12

O

wherein R, and R, are independently H or selected from
the group consisting of linear or branched (C, -C,)alkyl,
(C;5-Cy)eycloalkyl, aryl, and aryl(C,-Cy)alkyl, option-
ally substituted by one or more substituents selected
from the group consisting of halogen atom and (C,-
C)alkoxy;

D 1s absent or 1s selected from the group consisting of
(C,-Cylalkylene and arylene;

n, n' and m are independently O or an integer from 1 to 3;

E 1s absent or 1s selected from —O— and —OC(O)—;

and

G 1s arylene.

Even still more preferred within this second group, are the
compounds of general formula I, wherein Al 1s selected
from the group consisting of methylene, propylene, and
butylene, (C,-Cy)alkylene and A2 1s absent or 1s selected
from the group consisting of methylene and piperidinylene;
B 1s absent or is selected from the group consisting of
phenvylene, pyridinediyl, furanediyl, thiophenediyl, and
cyclohexylene, optionally substituted by one or more groups
selected from methoxy, trifluoromethyl, fluorine and chlo-

rine; C 1s selected from the group consisting of —O— and
—OC(O)— or 1s one of the following groups C4, C8-C12

C4
O
[
I“J—(CHQ)H—O—C
R;
C8
O O
% [ [
I*‘J C r‘q (CHy))—O—C
R; R
C9
O O
g_u u
_T_(CHz)H_O_C
R7
C10
O
§ [
(CHy)—O0—C
Cl1

I I
%E_T_(CHZ)H_O_C
O R
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-continued
C12

O

O

(CH)—O—C

C—N

\

wherein R, and R.,, are independently H or selected from the
group consisting ol methyl, ethyl, benzyl, phenyl, 1sopropyl,
cyclohexyl, chloro-benzyl, and fluoro-benzyl; D 1s absent or
1s phenyl; n1s 2 or 3; n' 1s 1, m 1s; E 1s absent or 1s —O—;
and G 1s phenylene.

The present invention also provides pharmaceutical com-
positions of compounds of formula I alone or in combination

with or in admixture with one or more pharmaceutically
acceptable carriers and/or excipients.

The present invention also provides the use of compounds
of formula I for preparing a medicament.

10

15

In a further aspect, the ivention provides the use of 20

compounds of formula I for the prevention and/or treatment
of any broncho-obstructive or inflammatory disease, pret-
erably asthma or chronic bronchitis or chronic obstructive
pulmonary disease (COPD).

In a further aspect, the invention provides the use of 2°

compounds of formula I for the manufacture of a medica-
ment for the prevention and/or treatment of any broncho-

Cpd.

20

obstructive or intflammatory disease, preferably asthma or
chronic bronchitis or chronic obstructive pulmonary disease
(COPD).

The present mvention further provides a method for
prevention and/or treatment of any broncho-obstructive or
inflammatory disease, preferably asthma or chronic bron-
chitis or chronic obstructive pulmonary disease (COPD),
which comprises administering to a subject in need thereof
a therapeutically effective amount of a compound of general
formula I.

The present invention also provides pharmaceutical com-
positions suitable for administration by inhalation.

Inhalable preparations include mhalable powders, propel-
lant-containing metering aerosols or propellant-free inhal-
able formulations.

The present invention also provides devices which may be
a single- or multi-dose dry powder inhaler, a metered dose
inhaler and a soft mist nebulizer comprising the compounds
of formula I.

The present invention 1s also directed to a kit comprising,
the pharmaceutical compositions of compounds of formula
I alone or in combination with or in admixture with one or
more pharmaceutically acceptable carriers and/or excipients
and a device which may be a single- or multi-dose dry
powder inhaler, a metered dose inhaler and a soft mist
nebulizer comprising the compounds of general formula 1.

According to specific embodiments, the present invention
provides the compounds reported below:

Chemical Name

1 4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 1-(4-((3-((S)-phenyl({({{R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoyl )piperidine-4-carboxylate

2 (S)-4-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 2-(4-((3-((S)-phenyl({{{R)-quinuclidin-3-
yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzamido)propanoate

3 (S)-4-({({R)-2-Hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 3-methyl-2-(4-((3-((S)-phenyl({{{(R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzamido)butanoate

4 (S)-4-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 4-methyl-2-(4-((3-((S)-phenyl({{({R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzamido)pentanoate

5 4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 2-methyl-2-(4-((3-((S)-phenyl({{{R)-quinuclidin-3-
yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzamido)propanoate

6 (S)-4-({({R)-2-Hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 3-cyclohexyl-2-(4-((3-((8S)-phenyl(({{R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzamido)propanoate

7 (R)-4-(({R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 4-methyl-2-(4-((3-((S)-phenyl({{({R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzamido)pentanoate

8 (S)-4-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 3-(4-methoxyphenyl)-2-(4-((3-((S)-phenyl{({{{R)-quinuclidin-

3-

yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzamido)propanoate
9 4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-

yl)ethyl)amino)butyl 2-(4-((3-((S)-phenvyI(({(R)-quinuclidin-3-

yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzamido)acetate

9A

(R)-Quinuclidin-3-yl ((8)-(3-({4-(4-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-

1,2-dihydroquinolin-3-yljethyl)amino )piperidine-1-

carbonyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate

9B

(R)-Quinuclidin-3-yl ((8)-(3-((4-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-

1,2-dihydroquinolin-3-yl)ethyl)amino )methyl )piperidine-1-

carbonyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate

9C

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-

yl)ethyl)amino)butyl 1-(3-((3-((S)-phenyI(({{(R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoyl )piperidine-4-carboxylate

9D

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-

yl)ethyl)amino)butyl 1-(53-((3-((S)-phenyl({{{R)-quinuclidin-3-
yloxy)carbonyl)amino)methyl)phenoxy)methyl)yfuran-2-carbonyl)piperidine-

4-carboxylate
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-continued

Chemical Name

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 1-(1-methyl-5-((3-((S)-phenyl({{{R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)-1H-pyrazole-3-
carbonyl)piperidine-4-carboxylate

Quinuclidin-3-y1 ({(8)-(3-((3-(4-({((R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-
dihydroquinolin-5-yl)ethyl)amino )methyl)piperidine-1-carbonyl)-1-methyl-
1 H-pyrazol-5-yl)methoxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclidin-3-yl ((3-((3-(4-(({({R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-
dihydroquinolin-5-yl)ethyl)amino)methyl)piperidine-1-
carbonyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
2-(N-Ethyl-4-((({(R)-2-hydroxy-2-(&-hydroxy-2-o0x0-1,2-dihydroquinolin-3-
yl)ethyl)amino)methyl)benzamido)ethyl 4-((3-((S)-phenyl{{{({R)-quinuclidin-
3-vloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoate
2-(4-(({((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)-N-methylbenzamido )ethyl 4-((3-((S)-phenyl(({{(R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate
2-(N-Benzyl-4-({{({R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)benzamido)ethyl 4-((3-((S)-phenyl({({R)-quinuclidin-
3-vloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoate
2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-3-
yl)ethyl)amino)methyl)-N-1so-propylbenzamido)ethyl 4-((3-((S)-
phenyl{{({{R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate
2-(N-Cyclohexyl-4-((({R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-
dihydroquinolin-3-yl)ethyl)amino)methyl)benzamido)ethyl 4-((3-((S)-
phenvyl{{{(R)-quinuclidin-3-yloxy)carbonyl )amino )methyl)-
phenoxy)methyl)benzoate
2-(N-(4-Chlorobenzyl)-4-(({({R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-
dihydroquinolin-3-yl)ethyl)amino)methyl)benzamido)ethyl 4-((3-((S)-
phenvyl{({(R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate
2-(3-((({R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)-N-methylbenzamido)ethyl 4-((3-({S)-phenyI{({{({R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate
2-(4-(({(R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)benzamido)ethyl 4-((3-((S)-phenyl{{{({R)-quinuclidin-
3-vloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoate
2-(4-(({((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)-3-methoxybenzamido)ethyl 4-((3-((S)-phenyI{({{R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate
2-(6-((({R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)nicotinamido)ethyl 4-((3-((S)-phenyl({{({R)-
quinuclidin-3-yloxyjcarbonyl)amino)methyl)phenoxy)methyl)benzoate
2-(5-(({((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-3-
yl)ethyl)amino)methyl)furan-2-carboxamido)ethyl 4-((3-({(S)-phenyl{{{(R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate
2-(5-(({((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-3-
yl)ethyl)amino)methyl)thiophene-2-carboxamido)ethyl 4-((3-((S)-
phenyl{({((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate
3-(5-(({({R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)isoxazole-3-carboxamido)propyl 4-((3-((S)-
phenyl{{({(R)-quinuclidin-3-vyloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate
3-(5-(({{R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)-1-methyl-1H-pyrazole-3-carboxamido)propyl 4-((3-
((S)-phenvyl({((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate
4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 2-methoxy-4-((3-((S)-phenyl{({({R)-quinuclidin-3-
yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate
4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 4-((3-((S)-phenyI{{{((R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)-2-(trifluoromethyl)benzoate
4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-3-
yl)ethyl)amino)butyl 3-fluoro-3-((3-((S)-phenyl{({({(R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoate
4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 3-chloro-35-((3-((S)-phenyl{({({({R)-quinuclidin-3-
yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate
2-(N-(3-({(R)-2-Hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)propyl)acetamido)ethyl 4-((3-((S)-phenyl{({({{R)-quinuclidin-
3-yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoate
2-(N-(3-(((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)propyl)benzamido)ethyl 4-((3-((S)-phenyl((({(R)-quinuclidin-
3-yloxy)carbonyl)amino )methyl)phenoxy)methyl)benzoate

22
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Cpd. Chemical Name

28 2-(N-(3-(((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)propyl)phenylsulfonamido)ethyl 4-((3-({S)-phenyl{{{ ®-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate

29 3-(N-(3-({(R)-2-Hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)propyl)benzamido)propyl 4-((3-((S)-phenyI{{{(R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate

30 3-(N-(3-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)propyl)cyclohexanecarboxamido)propyl 4-((3-((S)-
phenvl{({((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate

31 3-(N-(3-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)propyl)phenylsulfonamido)propyl 4-((3-((S)-phenyl({{(R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate

32 3-(N-(3-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)propyl)-2-phenylacetamido )propyl 4-((3-((S)-phenyl{({(R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate

33 Trans-4-({((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)butyl 4-((3-({S)-phenyl{({{(R)-quinuclidin-3-
yloxy)carbonyl)amino )methyl)phenoxy)methyl)cyclohexanecarboxylate

33A (R)-Qunuclidin-3-yl ((S)-(3-(((1R,48)-4-((3-({((R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-yl)ethyl)amino )propyl)(methyl)carbamoyl)-
cyclohexyl)methoxy)phenyl)(phenyl)methyl)carbamate

33B  (R)-Qunuclidin-3-yl ((S)-(3-(((1R,48)-4-((3-(((R)-2-hydroxy-2-(8-hydroxy-
2-0x0-1,2-dihydroquinolin-5-yl)ethyl)amino )propyl)carbamoyl)cyclohexyl)-
methoxy)phenyl)(phenyl)methyl)carbamate

34 2-(3-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)phenyl)-1-methylureido)ethyl 4-((3-((S)-
phenyl{{({(R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate

35 2-(3-(4-({(((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)phenyl)ureido)ethyl 4-((3-((S)-phenvyI({{(R)-
quinuclidin-3-yloxyjcarbonyl)amino)methyl)phenoxy)methyl)benzoate

36 2-(3-(4-((({R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)phenyl)-1-phenylureido)ethyl 4-((3-((S)-
phenvl{({((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate

37 2-(1-Ethyl-3-(4-((({R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-dithydroquinolin-
5-yl)ethyl)amino)methyl)phenyljureido)ethyl 4-((3-((S)-phenyl{{{(R)-
quinuclidin-3-yloxyjcarbonyl)amino)methyl)phenoxy)methyl)benzoate

38 2-(3-(4-((({R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)phenyl)-1-1sopropylureido )ethyl 4-((3-((S)-
phenvl({((R)-quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)-
methyl)benzoate

39 2-(1-Cyclohexyl-3-(4-(({(R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-
dihydroquinolin-5-yl)ethyl)amino)methyl)phenyl)ureido)ethyl 4-((3-({(S)-
phenvl{({((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate

40 2-(1-Benzyl-3-(4-((({R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-
dihydroquinolin-3-yl)ethyl)amino)methyl)phenyl)ureido)ethyl 4-((3-({(S)-
phenyl{{({(R)-quinuclidin-3-vyloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate

41 2-(1-(4-Fluorobenzyl)-3-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-o0xo-1,2-
dihydroquinolin-3-yl)ethyl)amino)methyl)phenyl)ureido)ethyl 4-((3-((S)-
phenvyl{{({(R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)phenoxy)-
methyl)benzoate

42 2-({4-((({R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dithydroquinolin-5-
yl)ethyl)amino)methyl)phenyl)(methyl)amino)ethyl 4-((3-((8S)-phenyl{{({(R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate

43 1-(4-(({(R)-2-Hydroxy-2-(8-hydroxy-2-ox0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)phenyl)piperidin-4-yl 4-((3-({S)-phenyI{{({{(R)-
quinuclidin-3-yloxyjcarbonyl)amino)methyl)phenoxy)methyl)benzoate

44 (1-(4-(({((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)phenyl)piperidin-4-ylmethyl 4-((3-((S)-phenyl({((R)-
quinuclidin-3-yloxyjcarbonyl)amino)methyl)phenoxy)methyl)benzoate

45 2-(4-(({(R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)-N-methylphenylsulfonamido)ethyl 4-((3-((S)-
phenvl({((R)-quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)-
methyl)benzoate

46 2-(4-(4-((({(R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)benzyl)piperazin-1-yl)ethyl 4-((3-({S)-phenyI{{{((R)-
quinuclidin-3-yloxyjcarbonyl)amino)methyl)phenoxy)methyl)benzoate

47 2-((4-(({(R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-dihydroquinolin-5-
yl)ethyl)amino)methyl)benzyl)(methyl)amino)ethyl 4-((3-({(S)-phenyl{({{({R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoate

48 (R)-Quinuclidin-3-yl ((8)-(3-({4-(benzyl(3-(({R)-2-hydroxy-2-(8-hydroxy-2-
ox0-1,2-dihydroquinolin-5-yl)ethyl)amino)propyl)carbamoyl )benzyl)oxy)-
phenyl)(phenyl)methyl)carbamate
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-continued

Chemical Name

(R)-Quinuclidin-3-yl ((8)-(3-((3-(benzyl(3-(({R)-2-hydroxy-2-(8-hydroxy-2-
0x0-1,2-dihydroquinolin-5-yl)ethyl)amino)propyl)carbamoyl)benzyl)oxy)-
phenyl)(phenyl)methyl)carbamate

(R)-Quinuclidin-3-yl ((S)-(3-((5-(benzyl(3-(({R)-2-hydroxy-2-(8-hydroxy-2-
0x0-1,2-dihydroquinolin-5-yl)ethyl)amino)propyl)carbamoyl Jfuran-2-
yl)methoxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclidin-3-yl ((S)-(3-({4-((3-(({R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-ylethyl)amino )propyl)(2-
methoxyethyl)carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclhidin-3-yl ((8)-(3-({4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-ylethyl)amino)propyl)((tetrahydro-2 H-pyran-4-
yl)methyl)carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclidin-3-yl ((S)-(3-({4-((cyclopentylmethyl)(3-(((R)-2-hydroxy-2-
(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-yl)ethyl)amino)propyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl (($)-(3-({(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-ylethyl)amino )propyl)(3-methoxybenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl (($)-(3-((4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-yljethyl)amino )propyl)(3-methylbenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclidin-3-yl ((S)-(3-((4-((3-({({R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-ylethyl)amino )propyl)(4-trifluoromethoxybenzyl)-
carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclhidin-3-yl (($)-(3-({(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-ylethyl)amino ypropyl)(3-trifluoromethylbenzyl)-
carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclidin-3-yl ((S)-(3-((4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-yljethyl)amino propyl)(2-methylbenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl ((8)-(3-({4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yljethyl)amino ypropyl)(2-trifluroromethylbenzyl)-
carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclidin-3-yl ((S)-(3-((4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-ylethyl)amino )propyl)(4-methoxybenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl (($)-(3-({(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-yljethyl)amino )propyl)(3-chlorobenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl ((8)-(3-({4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yljethyl)amino propyl)(2-methoxybenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclidin-3-yl ((S)-(3-((4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-ylethyl )Jamino ypropyl)(2-trifluoromethoxybenzyl)-
carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclhidin-3-yl (($)-(3-({(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-yljethyl)amino propyl)(2-fluorobenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl ((8)-(3-({4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-yljethyl)amino propyl)(4-fluorobenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclidin-3-yl ((S)-(3-((4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-ylethyl)amino)propyl)(2-chlorobenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl (($)-(3-({(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-yljethyl)amino )propyl)(4-chlorobenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl ((8)-(3-({4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yljethyl)amino )propyl)(4-trifluoromethylbenzyl)-
carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclidin-3-yl ((S)-(3-((4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-ylethyl)amino )propyl)(4-methylbenzyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclhidin-3-yl (($)-(3-({(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-3-yljethyl)amino )propyl)(2.,4-dimethoxybenzyl)-
carbamoyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate
(R)-Quinuclidin-3-yl (($)-(3-((4-(cyclopentyl(3-(((R)-2-hydroxy-2-(&-
hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl)amino)propyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-Quinuclidin-3-yl ((S)-(3-((4-({cyclohexylmethy)(3-(((R)-2-hydroxy-2-
(8-hydroxy-2-oxo0-1,2-dihydroquinolin-3-yl)ethyl)amino)propyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

(R)-quinuclidin-3-yl ((S)-(3-({(4-({cyclopropylmethy])(3-({((R)-2-hydroxy-2-
(8-hydroxy-2-o0xo0-1,2-dihydroquinolin-5-yl)ethyl)amino)propyl)carbamoyl)-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

26
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-continued

Cpd. Chemical Name

72
1,2-dihydroquinolin-5-ylethyl)amino )propyl)(isobutyl)carbamoyl )-
benzyl)oxy)phenyl)(phenyl)methyl)carbamate

73
1,2-dihydroquinolin-3-yljethyl)amino)methyl)benzoyl)piperidin-4-
yl)methoxy)phenyl)(phenyl)methyl)carbamate

74

(R)-quinuclidin-3-yl ((S)-(3-((4-((3-({(R)-2-hydroxy-2-(8-hydroxy-2-oxo-

(R)-quinuclidin-3-yl ((S)-(3-((1-(4-({({R)-2-hydroxy-2-(&-hydroxy-2-oxo-

(R)-Quinuclidin-3-yl ((S)-(3-((1-(4-((({R)-2-hydroxy-2-(8-hydroxy-2-oxo-

28

1,2-dihydroquinolin-5-yljethyl)amino )methyl)-3-methoxybenzoyl)piperidin-

4-yl)methoxy)phenyl)(phenyl)methyl)carbamate
75

dihydroquinolin-5-yl)ethyl)amino)ethyl)benzovl)piperidin-4-

yl)methoxy)phenyl)(phenyl)methyl)carbamate

76
dihydroquinolin-5-yl)ethyl)amino )propyl)(methyl)carbamoyl)-
benzovyl)piperidin-4-yl)methoxy)phenyl)(phenyl)methyl)carbamate

77
dihydroquinolin-5-yl)ethyl)amino )propyljcarbamoyl)benzoyl)-
piperidin-4-yl)methoxy)phenyl)(phenyl)methyl)carbamate

78
dihydroquinolin-3-yl)ethyl)amino)methyl)phenoxy)ethoxy)phenyl)-
(phenyl)methyl)carbamate

79
dihydroquinolin-5-yl)ethyl)amino)methyl)phenoxy)ethoxy)phenyl)-
(phenyl)methyl)carbamate

80
1,2-dihydroquinolin-5-yljethyl Jamino )methyl)phenyl)amino)-2-
oxoethoxy)phenyl)(phenyl)methyl)carbamate

The present invention also provides pharmaceutical com-
positions comprising a compound of the invention, either as
such or as pharmaceutically acceptable salt, and one or more
pharmaceutically acceptable carriers and/or excipients.

The compounds of the invention may be administered as
the sole active agent or 1n combination with other pharma-
ceutical active ingredients including those currently used 1n
the treatment of respiratory disorders e.g. beta2-agonists,

antimuscarinic agents, mitogen-activated protein kinases
(P38 MAP kinase) inhibitors, nuclear factor kappa-B kinase
subunit beta (IKK2) inhibitors, human neutrophil elastase
(HNE) inhibitors, phosphodiesterase 4 (PDE4) inhibitors,
leukotriene modulators, non-steroidal anti-inflammatory
agents (NSAIDs), antitussive agents, mucus regulators,
mucolytics, expectorant/mucokinetic modulators, peptide
mucolytics, antibiotics, inhibitors of JAK, SYK inhibitors,
inhibitors of PI3Kdelta or PI3Kgamma, corticosteroids, and
M3-antagonists/PDE4-1inhibitors (MAPI).

The present invention also provides combinations of a
compound of the mnvention, either as such or as pharmaceu-
tically acceptable salt, with a corticosteroid selected from
the group consisting of dexamethasone, fluticasone, flutica-
sone furoate, fluticasone propionate, prednisolone, betame-
thasone, budesonide, mometasone, mometasone furoate, tri-
amcinolone acetonide, ciclesonide, TPI-1020,
beclomethasone, beclomethasone dipropionate, prednisone,
deflazacort, hydrocortisone, QAE-397, and flunisolide.

The present invention also provides combinations of a
compound of the mvention, either as such or as pharmaceu-
tically acceptable salt, with a p2-agonist selected from the
group consisting ol carmoterol, GSK-642444, indacaterol,
milveterol, arformoterol, arformoterol tartrate, formoterol,
formoterol fumarate, salmeterol, salmeterol xinafoate,

salbutamol, albuterol, levalbuterol, terbutaline, indacaterol
(QAB-149), AZD-3199, BI-1744-CL, LAS-100977,

GSK159797, GSK59790, GSK159802, GSK642444,
GSK678007, GSK96108, bambuterol, 1soproterenol, pro-
caterol, clenbuterol, reproterol, fenoterol, bitolterol, brodx-

atelor, and ASF-1020 and salts thereof.

(R)-Quinuclhidin-3-yl (($)-(3-(2-((3-((({R)-2-hydroxy-2-(8-hydroxy-2-oxo-
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(R)-Quinuclhidin-3-yl (($)-(3-((1-(4-(2-({((R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-

(R)-quinuclidin-3-yl ((S)-(3-({1-(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-0xo-1,2-

(R)-Quinuclhidin-3-yl ((S)-(3-({1-(4-((3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-

(R)-Quinuchidin-3-yl ((S)-(3-(2-(4-(({({R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-

(R)-Quinuclidin-3-yl ((S)-(3-(2-(3-((({R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-

The present invention also provides combinations of a
compound of the invention, either as such or as pharmaceu-
tically acceptable salt, with an antimuscarinic agent selected
from the group consisting of aclidinium, tiotropium, tiotro-
pium bromide (Spiriva®), 1pratropium, ipratropium bro-
mide, trospium, glycopyrrolate, NVA237, LAS34273,
GSK636398, GSK233705, GSK37319, LAS35201,
QAT370 and oxitropium salts.

The present invention also provides combinations of a

compound of the invention, either as such or as pharmaceu-

tically acceptable salt, with a PDE4 inhibitor selected from
the group consisting of AN-2728, AN-2898, CBS-3595,

apremilast, ELB-353, KF-66490, K-34, LAS-37779, IBFB-
211913, AWD-12-281, cipamiylline, cilomilast, roflumilast,
BAY19-8004 and SCH-331591, AN-64135, indus-82010,
TP1-PD3, ELB-333, CC-11050, GSK-256066, oglemilast,
0X-914, tetomilast, MEM-1414, and RPL-534.

The present invention also provides combinations of a
compound of the invention, either as such or as pharmaceu-
tically acceptable salt, with a P38 MAP kinase inhibitor
selected from the group consisting of semapimod, talmapi-
mod, pirfenidone, PH-797804, GSK-725, GSK856553,
GSK681323, minokine, and losmapimod and salts thereof.

In a preferred embodiment, the present invention provides
combinations of a compound of the invention with an IKK?2
inhibitor.

The invention also provides combinations of a compound
of the invention with a HNE inhlibitor selected from the
group consisting of AAT, ADC-7828, aeriva, TAPI,
AE-3763, KRP-109, AX-9657, POL-6014, AER-002,
AGTC-0106, respriva, AZD-9668, zemaira, AAT 1V, PGX-
100, elafin, SPHD-400, prolastin C and prolastin inhaled.

The invention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with a leukotriene modulator selected from
the group consisting ol montelukast, zafirlukast, and pran-
lukast.

The mnvention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
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acceptable salt, with a NSAID selected from the group
consisting of ibuproien and ketoprofen.

The mvention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with an antitussive agent, selected from the
group consisting of codeine and dextramorphan.

The mvention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with a mucolytic, selected from the group
consisting of N acetyl cysteine and fudostein.

The mvention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with an expectorant/mucokinetic modulator,
selected from the group consisting of ambroxol, hypertonic
solutions (e.g. saline or mannitol) and surfactant.

The 1invention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with a peptide mucolytic, selected from the
group consisting of recombinant human deoxyribonuclease
I (domase-alfa and rhDNase) and helicidin.

The mvention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with an antibiotic, selected from the group
consisting of azithromycin, tobramycin, and aztreonam.

The invention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with a mucus regulator selected from the

group consisting ol INS-37217, diquaiosol, sibenadet,
CS-003, talnetant, DNK-333, MSI-1936, and gefitinib.
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The invention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with an mhibitor of JAK, selected from the
group consisting of CP-690550 and GLPG0634.

The invention also provides combinations of a compound
of the invention, either as such or as pharmaceutically
acceptable salt, with a SYK inhibitor selected from the
group consisting of R406, R343, and PRT062607.

The compounds of the mvention can be prepared from
readily available starting materials using the following gen-
eral methods and procedures or by using other information
readily available to those of ordmary skill in the art.
Although a particular embodiment of the present invention
may be shown or described herein, the skilled 1n the art wall

recognize that all embodiments or aspects of the present
invention can be prepared using the methods described
herein or by using other methods, reagents and starting
materials known to the skilled in the art. It will also be
appreciated that where typical or preferred process condi-
tions (i1.e., reaction temperatures, times, mole ratios of
reactants, solvents, pressures, etc.) are given, other process
conditions can also be used unless otherwise stated. While
the optimum reaction conditions may vary depending on the
particular reactants or solvent used, such conditions can be
readily determined by one skilled in the art by routine
optimisation procedures.

Compounds of general formula I may be prepared accord-
ing to the following synthetic Scheme.
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General Procedure for the Preparation of Compounds of
Formula I:

The compounds of general formula VIII represent a
compound wherein Al 1s alkylene substituted with oxo,
leading to an aldehyde or ketone protected as cyclic acetal.
The synthesis of compounds of general formula I may
require the protection of potential reactive functionality in
addition to those methods already described. In such a case,
examples of compatible protecting groups (PG) and their
particular methods of protection and deprotection are
described 1n “Protecting groups 1n organic Synthesis” by T.
W. Green and P. Wutz (Wiley-Interscience publication,
1999), which 1s incorporated herein by reference in 1its
entirety. Compounds of general formula I can be prepared
for example by reaction of a compound of general formula
XVII with a compound of general formula XVIII. This
reductive amination reaction can be performed following
several diflerent protocols described in the literature and
known for the skilled in the art. For example, 1t can be
performed 1n solvent such as methanol, ethanol, tetrahydro-
turan (THF) or dichloromethane (DCM) using a reducing
agent such as NaBH_, NaCNBH, or NaBAcO,H. It could be
usetul to obtain the imine before adding the reducing agent.
The reaction proceeds smoothly at room temperature (RT)
over 1 to 12 hours.

The intermediate of general formula XVII can be easily
prepared by reaction of a compound of general formula XIII
with a compound of general formula XV. The reaction
occurs smoothly at RT or lower temperature 1in a solvent
such as DCM or pyridine over 1-16 hours leading to
compounds of formula XV that can be easily deprotected 1n
aqueous acidic solution, leading to a compound of general
formula XVII.

Compounds of general formula XV are either commer-
cially available or can be prepared by reacting an alcohol of
general formula XIV with for example diphosgene 1n a
solvent such as DCM, THF or acetonitrile (ACN) at RT or
lower temperature, over a period of time ranging from 0.5 to
12 hours, leading to a compound of general formula XV
wherein the leaving group LG 1s chlorine. Alternatively
alcohol of general formula XIV can be reacted with for
example carbonyldiimidazole (CDI) leading to the same
intermediate wherein LG 1s imidazole. Other possible inter-
mediates with other known LGs can be prepared as
described 1n the literature.

Compound of general formula XIII may be prepared from
a compound of general formula XI wvia Ritter reaction
(acetonitrile and sulfuric acid at RT) followed by hydrolysis
of the intermediate acetamide performed under basic con-
dition.

Alternatively compounds of general formula XIII can be
prepared by reduction of azide formula XII via hydrogena-
tion under hydrogen atmosphere or hydrogen transier con-
ditions. The reaction occurs 1n alcohols at RT or higher
temperature and stops 1n 1 to 12 hours. An alternative
reduction method could be the Staudinger reaction, which
involves treatment of the azide, first with for example
triphenylphosphine, followed by hydrolysis of the 1mino-
phosphorane intermediate with water. This reaction occurs
at RT 1n a water miscible solvent such as for example THF.
The use of a strong reducing agent such as for example
L1AIH, 1n THF or ether at —40° C. or lower temperature
could easily allow to perform the required conversion of
compound XIV into XIII.

Azide XII 1s obtained from compound of formula XI by
reaction with diphenyl phosphoryl azide. The reaction 1s
performed 1n a high boiling point such as toluene or xylene
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in the presence of a strong base such as, but not limited to
1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) at a temperature
ranging from 80 to 120° C. and 1t completes over 12 to 24
hours. Alternatively the hydroxyl moiety of intermediate of
formula XI can be converted into a suitable leaving group
(LG), such as for example mesyl, tosyl or halogen and then

reacted with an alkaline azide 1n a polar solvent such as
acetonitrile, DMF or N-Methyl-2-pyrrolidone (NMP) at RT
or higher temperature.

Intermediates of general formula XI can be prepared 1n
several different ways. For example they can be prepared
from reaction of a compound of general formula VII,
wherein E 1s —0O—, and an aldehyde of general formula V
featuring a suitable hydroxyl group that can conveniently
react under standard Mitsunobu conditions. The reaction 1s
done in solvents such as THF or N-methyl-morpholine
(NMM) at a temperature from —10° C. to RT and completes
in 1 to 24 hours. It occurs i the presence of diethyl
azodicarboxylate (DEAD) or diuisopropyl azodicarboxylate
(DIAD) and an organic phosphine such as, but not limited to,
triphenylphosphine.

Alcohol of general formula VII 1s either commercially
available or 1t can be prepared from compound of formula II
by addition of a Grignard reagent of formula VI. The
reaction 1s normally done 1n an aprotic solvent such as ether
or THF at RT or lower temperature and completes over 0.5
to 12 hours. Alternatively 1t can be prepared by reduction of
a compound of general formula II, wherein R, 1s not hydro-
gen, with a reducing agent such as, but not limited to,
NaBH,, leading 1n this case to a compound of formula VII
wherein R, 1s hydrogen. The reaction 1s performed 1n a
solvent such as methanol, ethanol or THF and completes
over a period of time ranging from 1 to 12 hours. A similar
synthetic protocol can be used for the preparation of inter-
mediate XI from compounds of general formula 1V.

It 1s clear to a person skilled in the art that the preparation
of compound of general formula VII or XI can be accom-
plished via inverse Grignard reaction 1in which Grignard of
formula G-MgBr react with a compound of formula R,C
(O)R, under the same reaction conditions described above.

Compounds of general formula IV wheremn E 1s —O—,
can be prepared from a compound of general formula II,
following an approach similar to that described for the
preparation of compounds of formula XI from VII. Alter-
natively the compounds of general formula IV can be
obtained by alkylation of a compound of general formula II,
with a compound of general formula III wheremn LG 1s a
suitable leaving group such as tosylate, mesylate or halogen.
The reaction 1s normally done in polar solvents such as
acetonitrile or DMF, occurs in a presence of a base such as
for example alkaline carbonate, bicarbonates or organic
bases and completes over a period of time varying from 1 to
24 hours.

Preparation of compounds of formula X can be achieved
by reaction of a compound of general formula IX, or the
analogue wherein the bromine 1s substituted by 1odine or
triflate, with a compound of general formula VIII, wherein
n 1s 2, under transition metal catalyzed cross-coupling
reaction conditions. The terminal alkene VIII can be reacted
under for example the heck reaction condition with IX,
leading to an alkenylene intermediate X that can be easily
reduced by mean of a classical catalytic hydrogenation of
double bond to give compounds of formula IV. A great
number of protocols, reagents and catalysts can be conve-
niently used to achieve the desired conversion, as 1t 1s known
to a person skilled 1n the art.
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Alternatively, compounds of general formula I featuring
an ester moiety in the linker Y can be prepared by treating
a compound of general formula XXXI with a compound of
general formula XXXII, wherein A2 1s functionalized with
OH, under the condensation reaction condition for the
preparation of esters. It 1s possible prepare a compound of
general formula I, wherein C 1s equal to C1, reacting a
compound of general formula XXXI with a compound
XXXII wherein A2 1s substituted with —INR, under the
known reaction condition for the preparation of amide
starting from carboxylic acid and amines.

In another embodiment of the present mvention, com-
pounds of general formula I can be prepared by reaction of
a compound of formula XXI with a compound of formula
XXIII under the condition described above for the reaction
of a compound of formula II with a compound of formula
I1I.

Intermediates of formula XXI can be prepared by reaction
of compound of formula XVIII under reductive amination
conditions, described above for the reaction of compound of
formula XVII with XVIII, starting from compound of for-
mula XX.

Compounds of general formula XVIII can be obtained
from by simple reduction of the azide of formula XIX. The
reaction can be accomplished by mean of a catalytic hydro-
genation in the presence Palladium catalyst. The reaction
occurs, 1n polar solvent such as methanol or ethanol, under
hydrogen atmosphere or under hydrogen transfer condition,
using for example 1,4-cyclohexadiene or 1-methyl 1.4-
cyclohexadiene as source of hydrogen. The reaction pro-
ceeds at RT. In case it 1s performed under hydrogen transier
conditions higher temperature can be required.

The azade XIX can be easily prepared from XXIV by the
known nucleophilic substitution of alkyl bromide with alka-
line azide. The reaction proceeds at a temperature ranging
from 50 to 80° C. and 1n a polar solvent such as for example
DMF of NMP and can be accelerated by the presence of
alkaline 1o0dide.

In another embodiment of the present mvention, com-
pounds of general formula XXI can be prepared by reacting,
an intermediate of general formula XXIV with an amine of
general formula XXV. This reaction 1s a common alkylation
of amine in which the leaving group LG (normally chlorine,
bromine or sulfate) 1s displaced by a nucleophile like the
amine XXV as such or protected at the amine moiety.
Several methods to perform this reaction, that normally
occurs 1n a polar solvent at a temperature higher than RT, are
described 1n the literature. A similar reaction can be used for
the preparation of a compound of general formula XXXII.

It 1s apparent for those skilled 1n the art that compounds
of general formula I wherein R, 1s J1 contain three stereo-
genic centers, as indicated below with the symbol *. This
means that the structure of formula I 1s characterized by
cight different stereoisomers.

(D

Z
H H
R Ry
N~

Each diasterecoisomer can be obtained theoretically by
chromatographic separation of the mixture obtaimned by
reacting racemic mixtures of the required intermediates. It 1s
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clear that this approach 1t 1s not convenient and that 1t can be
used only for the separation of mixtures contaiming few
diastereoisomers.

In a more convenient approach, the synthesis of each
single stereoisomer can be accomplished using, in the reac-
tions described above, only enantiomerically pure interme-
diates.

The enantiomerically pure alcohols required for the
preparation of compounds ot general formula I wherein R,
1s J1 are commercially available.

The preparation of single enantiomerically pure com-
pounds of general formula XXIV wherein LG 1s bromine are
described in WO2005/080324, US2005-2222128, W0O2004/
032921, US2005/215590, and W0O2005/092861 (cited by
WO02007/107228), all of which are incorporated herein by
reference 1n their entireties. Enantiomerically pure com-
pounds of general formula XXVII can be obtained by chiral
chromatographic separation of the racemic mixture or start-
ing from enantiomerically pure amine compounds of general
formula XXVI. Intermediate compounds of formula XXVI
contains a basic group, 1t 1s possible to obtain the two
enantiomers by mean of crystallization of the diastereomeric
salt, obtained by salification of the racemic mixture with an
enantiomerically pure carboxylic acid. Widely used carbox-
ylic acids used for this purpose are for example mandelic
acid, tartaric acid and 1ts derivatives. The base XXVI 1s
dissolved 1n a suitable polar solvent and then treated with
enantiomerically pure carboxylic acid causing precipitation
of one of the two diastereoisomeric salts. It could be
required to repeat the procedure several times to obtain the
desired level of enantiomeric excess.

Alternatively the amines of formula XXVI can be
obtained wvia enantioselective synthesis following {for
example the approach described 1n the literature (Tetrahe-
dron: Asymmetry 13 (2002) 303-310, which 1s incorporated
herein by reference 1n its entirety) in which the aldehyde of
formula II, wherein R2 1s H, 1s treated first with a
enantiomerically pure tert-butyl sulfonamide and then with
R.MgBr or R,L1 (wherein R2 i1s not H), followed by
hydrolysis of the mtermediate leading to the formation of
enantiomerically enriched compounds of formula XXV that
can be used as such or further purified to increase the
enantiomeric €xcess.

The racemic amine of general formula XXVI can be
prepared 1n several different ways, for example by addition
of hydroxylamine to a compound of general formula II
followed by the reduction of the oxime intermediate
obtained than can be performed under several reaction
condition known for those skilled in the art. For example
catalytic hydrogenation, or the use of reducing agent such as
L1AlH, or Zinc 1n the presence of ammonium formate are all
very efhicient method to accomplished the reduction of
oxime to amine.

The available amine of formula XXVI can be easily
further dertvatized under the reaction conditions described
above. For example it can be treated with a protected
aldehyde of formula III, under the conditions described for
the alkylation of compounds of formula II with compounds
of formula III, leading to compound or general formula
XXVIII. Deprotection of the amino group and reaction of
compounds of formula XV, lead to the preparation of a
compound of general formula XVI.

Alternatively, compound of general formula I can be
prepared coupling a compound of general formula XXXI
with a compound of general formula XXXII leading to a
compound of general formula I wherein C 1s —OCO— or
Cl. This ester or amide can be obtained under different
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reaction condition known to those skilled in the art. The
reaction requires the activation of the acid XXXI with
reactant such as N,N'-Dicyclohexylcarbodimide (DCC),
1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide  (EDC),
2-(1H-Benzotnazole-1-yl)-1,1,3,3-Tetramethyluronium

hexafluorophosphate (HBTU), (O-(7-azabenzotriazol-1-yl)-
N,N,N'",N'-tetramethyluronium hexafluorophosphate
(HATU) or it may be converted into the corresponding acyl
chloride. The activated ester can smoothly react, in DCM,

pyridine or other aprotic solvents, with compound of for-
mula XXXII.

Compound of formula XXXI can be prepared starting
from XXVII via alkylation with compound of formula
XXIX, deprotection and reaction with compound of formula
XV. The reaction conditions {for this conversion are
described above and described 1n literature. Acid XXXI can
be easily reacted with a compound of formula XXXIII, as
described above.

A compound of general formula XXXII can be prepared
by reaction of a compound of general formula XXIV with an
amine of formula NH,-A,-(CH,) —B-A,-OH or NH,-A, -
(CH,), —B-A,-NHR,, under the reaction conditions
described for the reaction of compounds of general formula
XXIV with compounds of general formula XXV,

For all the above, the synthesis of compounds of general
formula I can be performed following several different
approaches. In particular 1t must be noted that the sequence
of reaction required, strongly depends on the nature of the
linkers Y and Y1 and on the functional groups present on the
linker. The example given above for the preparation of
compounds of formula I wherein C 1s —OCO— or Cl allows
a person skilled 1n the art to appreciate thus aspect of the
invention.

The invention also provides pharmaceutical compositions
of compounds of formula I 1n admixture with one or more
pharmaceutically acceptable carriers, for example those
described in Remington’s Pharmaceutical Sciences Hand-
book, XVII Ed., Mack Pub., N.Y., U.S.A., which 1s incor-
porated herein by reference 1n 1ts entirety.

Administration of the compounds of the present invention
may be accomplished according to patient needs, for
example, orally, nasally, parenterally (subcutaneously, intra-
venously, intramuscularly, intrasternally and by infusion),
by inhalation, rectally, vaginally, topically, locally, transder-
mally, and by ocular administration.

Various solid oral dosage forms can be used for admin-
istering compounds of the ivention including such solid
forms as tablets, gelcaps, capsules, caplets, granules, loz-
enges and bulk powders. The compounds of the present
invention can be administered alone or combined with
various pharmaceutically acceptable carriers, diluents (such
as sucrose, mannitol, lactose, starches) and known excipi-
ents, including suspending agents, solubilizers, builering
agents, binders, disintegrants, preservatives, colorants, fla-
vorants, lubricants and the like. Time release capsules,
tablets and gels are also advantageous 1n administering the
compounds of the present invention.

Various liquid oral dosage forms can also be used for
administering compounds of the invention, including aque-
ous and non-aqueous solutions, emulsions, suspensions,
syrups, and elixirs. Such dosage forms can also contain
suitable known inert diluents such as water and suitable
known excipients such as preservatives, wetting agents,
sweeteners, flavorants, as well as agents for emulsiiying
and/or suspending the compounds of the invention. The
compounds of the present invention may be injected, for
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example, intravenously, i the form of an i1sotonic sterile
solution. Other preparations are also possible.

Suppositories for rectal administration of the compounds
of the invention can be prepared by mixing the compound
with a suitable excipient such as cocoa butter, salicylates and
polyethylene glycols.

Formulations for vaginal administration can be in the
form of cream, gel, paste, foam, or spray formula containing,
in addition to the active ingredient, such as suitable carriers,
are also known.

For topical administration the pharmaceutical composi-
tfion can be 1n the form of creams, ointments, liniments,
lotions, emulsions, suspensions, gels, solutions, pastes, pow-
ders, sprays, and drops suitable for administration to the
skin, eve, ear or nose. Topical administration may also
involve transdermal adminmistration via means such as trans-
dermal patches.

For the treatment of the diseases of the respiratory tract,
the compounds according to the invention are preferably
administered by inhalation.

Inhalable preparations include inhalable powders, propel-
lant-containing metering aerosols or propellant-free inhal-
able formulations.

For administration as a dry powder, single- or multi-dose
inhalers known from the prior art may be utilized. In that
case the powder may be filled 1n gelatine, plastic or other
capsules, cartridges or blister packs or 1n a reservorr.

A diluent or carnier, generally non-toxic and chemically
inert to the compounds of the mnvention, e.g. lactose or any
other additive suitable for improving the respirable fraction
may be added to the powdered compounds of the invention.

Inhalation aerosols containing propellant gas such as
hydrofluoroalkanes may contain the compounds of the
invention either 1 solution or 1 dispersed form. The pro-
pellant-driven formulations may also contain other mgredi-
ents such as co-solvents, stabilizers and optionally other
excipients.

The propellant-free inhalable formulations comprising the
compounds of the imnvention may be in form of solutions or
suspensions 1n an aqueous, alcoholic or hydroalcoholic
medium and they may be delivered by jet or ultrasonic
nebulizers known from the prior art or by soft-mist nebu-
lizers such as Respimat®.

The compounds of the mmvention may be administered as
the sole active agent or 1n combination with other pharma-
ceutical active ingredients including those currently used 1n
the treatment ol respiratory disorders, e.g. corticosteroids,
P38 MAP kinase inhibitors, IKK2, HNE inhibitors, PDE4
inhibitors, leukotriene modulators, NSAIDs, and mucus
regulators.

The dosages of the compounds of the mvention depend
upon a variety of factors including the particular disease to
be treated, the severity of the symptoms, the route of
administration, the frequency of the dosage interval, the
particular compound utilized, the eflicacy, toxicology pro-
file, and pharmacokinetic profile of the compound.

Advantageously, the compounds of formula I can be
administered for example, at a dosage comprised between
0.001 and 1000 mg/day, preferably between 0.1 and 300
mg/day.

When the compounds of formula I are administered by
inhalation route, they are preferably given at a dosage
comprised between 0.001 and 500 mg/day, preferably
between 0.1 and 200 mg/day.

The compounds of formula I may be administered for the
prevention and/or treatment of broncho-obstructive or
inflammatory diseases, such as asthma, chronic bronchitis,
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chronic obstructive pulmonary disease (COPD), bronchial
hyperreactivity, cough, emphysema or rhimtis; urological
disorders such as urinary imcontinence, pollakiurna, cystos-
pasm, chronic cystitis and overactive bladder (OAB); gas-
tromntestinal disorders such as bowel syndrome, spastic
colitis, diverticulitis, peptic ulceration, gastrointestinal
motility or gastric acid secretion; dry mouth; mydrasis,
tachycardia; ophthalmic mterventions cardiovascular disor-
ders such as vagally induced sinus bradycardia.

Other features of the invention will become apparent in
the course of the following descriptions of exemplary
embodiments which are given for illustration of the inven-
tion and are not intended to be limiting thereof.

EXAMPLES

The LCMS methods A, B and C, used for the character-

ization of the compounds of the present invention, are
described 1n the following:

Method A (10 cm_ESCI_FORMIC)

HPLC Setup

Solvents:—Acetonitrile (Far UV grade) with 0.1% (V/V)
formic acid

Water (High purnity via PureLab Option unit) with 0.1%
formic acid

Column:—Phenomenex Luna 5u C18 (2), 100x4.6 mm.
(Plus guard cartridge)
Flow Rate:—2 ml/min

Gradient:-
Time A % B %
0.00 05 5
3.50 5 95
5.50 5 05
5.60 95 5
6.50 05 5

A Water/formic
B: MeCN/formic

Typical Imjections 2-7 ul (concentration ~0.2-1 mg/ml).
UV detection via HP or Waters DAD

Start Range (nm) 210 End Range (nm) 400 Range interval
(nm) 4.0

Other wavelength traces are extracted from the DAD data.
Optional ELS detection using Polymer Labs ELS-1000.
MS detection: Micromass Z(Q), single quadrapole LC-MS or
Quattro Micro LC-MS-MS.

Flow splitter gives approximately 300 ul/min to mass spec
Scan range for MS Data (m/z)

Start (m/z) 100

End (m/z) 630 or 1500 when required

With +ve/-ve switching

Ionization 1s routinely ESCI an option which gives both ESI
and APCI data from a single run.

Typical ESI voltages and temperatures are:

Source 120-150 C. 3.5 KV capillary 25 V cone

Typical APCI voltages and temperatures are:

Source 140-160 C. 17 uA corona 25 V cone

10

15

20

25

30

35

40

45

50

55

60

65

42
Method B (HPLC Conditions—135
cm_Formic_Ascentis_ HPLC_CH,CN)
HPLC Setup

Solvents:—Acetonitrile (Far UV grade) with 0.1% (V/V)
formic acid

Water (High purity via PurelLab Ultra unit) with 0.1%
formic acid

Column:—Supelco, Ascentis® Express C18 or Hichrom
Halo C18, 2.7 um C18, 150x4.6 mm.

Flow Rate:—1 ml/min

Gradient:-

Time A % B %
0.00 96 4
3.00 96 4
Q.00 0 100

13.6 0 100

13.7 96 4

15 96 4

A Water/formic
B: MeCN/formic

Typical Imjections 0.2-10 ul
Maximum pressure setting 400 bar.

Instrument: Agilent 1100, Binary Pump, Agilent Sampler
and Agilent DAD detector

Diode array detection: (300 nm, Band Width 200 nm; Ref.
450 nm, Band Width 100 nm).

Method C(HPLC Conditions—10
AR_HPLC_CH3CN)

HPLC Setup

Solvents:—Acetonitrile (Far UV grade) with 0.1% (V/V)
formic acid

Water (High purity via PurelLab Ultra unit) with 0.1%
formic acid

Column:—Hichrom ACE 3 C18-AR mixed mode column
100x4.6 mm

Flow Rate:—1 ml/min

cm_Formic ACE-

Gradient:-

Time A % B %
0.00 OR 2
3.00 OR 2

12.00 0 100

15.4 0 100

15.5 OR 2

17 OR 2

A Water/formic
B: MeCN/formic

Typical Imjections 0.2-10 ul
Maximum pressure setting 400 bar.

Instrument: Agilent 1100, Binary Pump, Agilent Sampler
and Agilent DAD detector

Diode array detection: (300 nm, Band Width 200 nm; Ref
450 nm, Band Width 100 nm)

Method D (HPLC Conditions—25 cm_ Acidic_Prodigy_H-
PLC)

HPLC Setup

Solvents:—Acetonitrile (Far UV grade) with 0.1% formic
acid

Water (High purity via PureLab Option unit) with 0.1%
formic acid



Column:—Phenominex Prodigy 5 um ODS 3, 250x4.6 mm.

Flow Rate:—1 ml/min
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Gradient:-

Time A % B %
0.00 05.5 4.5
1.0 05.5 4.5

22 0 100

23 0 100

25 05.5 4.5

30 05.5 4.5

A Water/formic
B: MeCN/formic

Typical Injections 2-7 ul
Instrument: Agilent 1100, Binary Pump, Agilent Sampler

and Agilent DAD detector

The mtermediate compounds for the synthesis of final
compounds of general formula (I) were obtained through the

preparations herebelow described.
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-continued

XX
F

N O
H

O
)
AN

X

-

iv) NaN3, Nal
DMEF
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\/

-
v) PdC, EtOH
v1) HCI-Dioxan,
iProH
HO
N NILHCI
‘/ T X
N 0
A
OH

Preparation of (R)-5-(2-Amino-1-hydroxyethyl)-8-
hydroxyquinolin-2(1H)-one hydrochloride

R NN NH,HCI
‘/ A g N
= N

H
OH

Step 1: 8-(Benzyloxy)-5-(2-bromoacetyl)quinolin-2

O

(1H)-one
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To a suspension of 35-acetyl-8-(benzyloxy)quinolin-2
(1H)-one (19.4 g, 66.4 mmol) in anhydrous THF (240 mL)
and anhydrous methanol (165 mL) was added a solution of
tetra-n-butylammonium tribromide (34.5 g, 113.0 mmol) in
anhydrous THF (130 mL) dropwise over 1.5 hours. The
resulting solution was stirred at RT overnight before con-
centrating under reduced pressure without heating. The
residue was re-dissolved 1in methanol (200 mL). Saturated
aqueous ammonium chloride solution (390 mL) was added
with 1ce-cooling. The resulting suspension was filtered and
the solid washed with water and air-dried under vacuum.
The solid was suspended mm DCM and methanol (1:1 v/v,
100 mL) for 90 minutes. The solid was collected by filtra-
tion, washed with DCM and air-dried to afford the title
compound (18.0 g, 73%).

"HNMR (400 MHz, DMSO-d,): 8 11.07 (s, 1H); 8.51 (d,
J=10.0 Hz, 1H); 7.94-7.83 (m, 1H); 7.60 (d, J=7.5 Hz, 2H);
7.44-7.27 (m, 4H); 6.79-6.65 (m, 1H); 5.53-3.39 (s, 2H);
4.93 (s, 2H)

Step 2: (R)-8-(Benzyloxy)-5-(2-bromo-1-hydroxy-
cthyl)quinolin-2(1H)-one

HO\/\BI
‘/\ X
/ N O
H
A
a
X

8-(Benzyloxy)-5-(2-bromoacetyl)quinolin-2(1H)-one
(26.0 g, 69.9 mmol) and (R)-3,3-diphenyl-1-methyltetra-
hydro-3H-pyrrolo[1,2-c][1,3,2]oxazaborole (21.3 g, 76.8
mmol) were azeotroped with toluene (x3) then suspended in
anhydrous THF (400 mL) under an atmosphere of nitrogen.
The suspension was cooled to -20° C. (external tempera-
ture) and borane dimethyl sulfide complex solution (45.4
ml., 90.8 mmol, 2.0 M solution 1n THF) was added by
syringe pump over 3 hours. After complete addition the
reaction mixture was stirred for one hour before quenching,
with methanol (25 mL). The reaction was warmed to RT
over 20 minutes. The mixture was concentrated under
reduced pressure and the residue was suspended 1n aqueous
hydrochloric acid (500 mL, 1 M solution) and stirred at RT
for 18 hours. After this time the solid was collected by
filtration and washed with water (3x100 mL). The solid was
partially dissolved 1n ethyl acetate and heated at reflux for 2
hours. The remaining solid was removed by hot filtration
and the filtrate was evaporated to aflord the title compound.
The solid collected from the hot ethyl acetate was again
partially dissolved in ethyl acetate and heated at reflux for 2
hours then filtered to give filtrate containing pure product.
This process was repeated four more times. The combined
solid was recrystallised from ethyl acetate and petroleum
cther to aflord the title compound (20.0 g, 76%).

"H NMR (400 MHz, DMSO-d,): 8 10.68 (s, 1H); 8.19 (d,
I1=9.9 Hz, 1H); 7.58 (d, J=7.5 Hz, 2H); 7.41-7.36 (m, 2H);
7.34-7.29 (m, 1H); 7.23-7.19 (m, 2H); 6.57 (d, J=9.8 Hz,
1H); 5.94 (d, J=4.7 Hz, 1H); 5.31 (s, 2H); 5.25-5.19 (m, 1H);
3.71-3.58 (m, 2H).
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Step 3: (R)-8-(Benzyloxy)-5-(2-bromo-1-((tert-bu-
tyldimethylsilyl)oxy)ethyl)quinolin-2(1H)-one

‘/\ A
/ N O
H

O

2,6-Lutidine (6.9 mL, 59.5 mmol) was added to a solution
of (R)-8-(benzyloxy)-5-(2-bromo-1-hydroxyethyl)quinolin-
2(1H)-one (10.1 g, 27.0 mmol) mn DCM (100 mL) at 0° C.

The reaction mixture was stirred for 5 minutes then tert-

butyldimethylsilyl trifluoromethanesulfonate (13.0 mL, 56.8
mmol) was added dropwise over 15 minutes. The mixture
was stirred at 0° C. for 30 minutes, followed by RT over-
night. After this time the reaction was quenched with satu-
rated aqueous sodium bicarbonate solution and extracted
with DCM (x3). The combined organic extracts were dried
(magnesium sulfate), filtered and concentrated under
reduced pressure. Iso-hexane (500 mL) was added to the
crude material and the resulting solid collected by filtration.
The solid was recrystallised from ethyl acetate and petro-
leum ether (40:60) to aflord the title compound (11.3 g,
85%).

'"H NMR (400 MHz, CDCL,): 8 9.19 (s, 1H); 8.23 (dd.,
1=9.9, 4.4 Hz, 1H); 7.43 (d, J=4.6 Hz, 5H); 7.17 (dd, J=8.3,
4.5 Hz, 1H); 7.03 (dd, J=8.2, 4.4 Hz, 1H); 6.71 (dd, J=9.9,
3.7 Hz, 1H); 5.18 (d, J=4.5 Hz, 3H); 3.63-3.56 (m, 1H); 3.49
(dd, J=10.4, 4.8 Hz, 1H); 0.88 (t, J=4.4 Hz, 9H); 0.14 (d,
J=4.4 Hz, 3H); -0.11 (d, J=4.4 Hz, 3H).

Step 4: (R)-3-(2-Azido-1-((tert-butyldimethylsilyl)
oxy)ethyl)-8-(benzyloxy)quinolin-2(1H)-one

>|\ii~*’ O\/\N3

‘/\ N
/N O
H

O

(R)-8-(Benzyloxy)-5-(2-bromo-1-((tert-butyldimethylsi-
lyl)oxy)ethyl)quinolin-2(1H)-one (10.0 g, 20.5 mmol) was
dissolved 1 dimethyl formamide (180 mL) and water (20
mL). Sodium 1odide (3.39 g, 22.6 mmol) and sodium azide
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(1.47 g, 22.6 mmol) were added sequentially. The reaction
mixture was stirred at RT until all the solid was in solution.
The solution was heated at 80° C. for 40 hours then cooled
to RT and diluted with ethyl acetate (300 mL). The mixture
was washed with water, brine (x2) and the organic extract

48
To a solution of (R)-5-(2-azido-1-((tert-butyldimethylsi-
lyhoxy)ethyl)-8-(benzyloxy)quinolin-2(1H)-one (4.50 g,
10.0 mmol) in ethanol (30 mL) was added 10% palladium on

was dried (magnesium sulfate), filtered and concentrated 5 charcoal (4.50 g) followed by 1-methyl-1,4-cyclohexadiene
under reduced pressure. The crude residue was triturated (11.0 mL, 97.9 mmol). The reaction was warmed to 60° C.
with 1so-hexane to aflord the desired compound (8.16 g, - - : o
88%). The matenal was used without further purification 1n (CARE—POSSIBLE EXOTHERM) and then stirred at 60
thf:?:l next step. C. for 2 hours. The reaction mixture was allowed to cool and
H NMR (400 MHz, CDCl,): 6 9.19 (s, 1H), 8.18 (d, 10 : .
1=9.9 Hz, 1H), 7.45-7.36 (m, 4H), 7.20 (d. J=8.3 Hz, 1H), filtered through a pad of celite. The filter cake was washed
7.04 (d, JI=8.3 Hz, 1H), 6.70 (dd, J=9.9, 2.2 Hz, 1H), with further ethanol and the filtrate was evaporated at
0.19-5.13 (m, 3H), 3.48 (dd, J=12.7, 8.1 Hz, 1H), 3.26 (dd, reduced pressure. The residue was evaporated from 1so-
J=12.7,3.8 Hz, 1H), 0.89 (s, 9H), 0.14 (s, 3H), -0.11 (s, 3H). P ' " P
| s propanol (x2) and dissolved 1n 1so-propanol (30 mL). HCI-
Step 32 (R)-3-(2-Amino-1-hydroxyethyl)-8-hydroxy- dioxane (4 M, 50 mL, 200 mmol) was added and the reaction
quinolin-2(1H)-one hydrochloride
mixture stirred at RT for 18 hours. The resultant suspension
O was filtered, the filter cake washed with ether and the solid
NH,HCI 5o dried under vacuum 1n the presence of P, O to afford the title
compound (1.65 g, 62%).
R X 1 )
‘ H NMR (400 MHz, MeOD): ¢ 7.71 (d, J=9.8 Hz, 1H),
S N . 6.57 (d, J=8.2 Hz, 1H), 6.31 (d, J=8.2 Hz, 1H), 6.02 (dd,
H 25 J=9.8, 6.5 Hz, 1H), 4.58 (dd, J=9.6, 3.5 Hz, 1H), 2.47-2.31
OH (m, 2H).
The synthesis of Compound 1 to 9 1s shown below.
® NH;Cl |
)k 1) Boc,O, DIPEA
(i) formamide DCM
‘/\ ‘/.\ 180° C., 18 hours N i) K,CO3, MeOH
(1) 2ZM HCI/MeOH
Y \/ 40° C., 1.5 hours / /
OH OH
NHBoc NHBoc NHBoc
X ‘/\ Chiral chromatography X &) ‘/\ ‘/\ ) ‘ X
OH OH OH
First eluting 1somer Second eluting 1somer
NHBoc NHBoc NH;CI Cl Orn,,
K00 HCI-Di- \Ir (R)
2 3>
‘/\ B ‘ XY MeCN g Xy ® ‘/\ MO ® O .
B . g
Y Z f\ = \/ Pyridine
OH O O
9 >
.
- ]
CO,Me
’ Y Y
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Example 1

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-3-yl)ethyl)-amino)butyl 1-(4-((3-((S)-phe-
nyl1((((R)-quinuclidin-3-yloxy)carbonyl)amino)
methyl)-phenoxy)methyl)benzoyl)piperidine-4-
carboxylate (Compound 1)

O

PPN

HO\/\N/\/\/O\”/\)
H
‘ N X 0
/ N O
H
OH

Step 1
N-((3-Hydroxyphenyl)(phenyl)methyl)formamide

O

PN

H

R

»
Y
OH

3-Hydroxybenzophenone (25 g, 126.1 mmol) 1n forma-
mide (130 mL, 3.3 mmol) was heated to 180° C. for 18
hours. The reaction was allowed to cool slightly then poured

into ice-cooled water, stirred for 30 minutes, filtered and
washed with water. The solid was stirred 1n water (60 mL)
and ethanol (60 mL) and heated to 50° C. for 1 hour, then
allowed to cool. The solid was filtered and washed with
water to give the title compound as a brown solid (33.94 g,
118%).

'H NMR (400 MHz, CD,OD): § 7.39-7.28 (m, 5H);
7.21-7.13 (m, 1H); 6.79 (d, J=7.78 Hz, 1H); 6.73-6.68 (m,
2H); 5.45 (s, 1H).

Step 2: 3-(Amino(phenyl)methyl)phenol

NH

hydrochloride
Cl
NI, 07
X X
F F
OH
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Methanol (125 mL), was cooled to 0° C. and acetyl
chloride (17.8 mL) added dropwise to give a 2 M solution
of methanolic hydrogen chlonde. N-((3-hydroxyphenyl)
(phenyl)methyl)formamide was stirred at 40° C. for 1.5
hours with the 2 M methanolic hydrogen chloride solution.

The solvent was removed under reduced pressure and the
residue re-dissolved in methanol and the solvent removed

AN
N S
Nz

under reduced pressure. This process was repeated three

times to give the title compound as a brown solid (29.09 g,
97.9%)

'H NMR (400 MHz, DMSO-d,): 8 9.76 (s, 1H); 9.07 (s,
3H); 7.59-7.53 (m, 2H); 7.51-7.37 (m, 3H); 7.26 (t, J=7.89
Hz, 1H); 6.99 (d, J=7.75 Hz, 1H); 6.90 (t, J=1.97 Hz, 1H);
6.81 (dd, 1=8.10, 2.32 Hz, 1H); 5.58 (d, J=5.82 Hz, 1H).

Step 3: tert-Butyl
((3-hydroxyphenyl)(phenyl)methyl)carbamate

‘ AN ‘/\
F N
OH

3-(Amino(phenyl)methyl)phenol hydrochloride (29.09 g,
123 .4 mmol) 1n dichloromethane (450 mL) was cooled to 0°

C. and dusopropylethylamine (65.9 mL, 370.2 mmol) and
di-tert-butyl dicarbonate (59.2 g, 271.5 mmol) was added
slowly. The reaction was stirred at 0° C. for 2 hours then
warmed to RT over 16 hours. The solvent was removed and
the residue purified through a silica plug, eluting with 0-20%
cthyl acetate in 1so-hexane to give a black oil. To this
mixture 1n methanol (300 mL) was added potassium car-
bonate (51 g, 370.2 mmol) and stirred at RT for 16 hours.
The suspension was filtered, the filtrate was evaporated at
reduced pressure and the residue re-dissolved in ethyl
acetate (370 mL). Silica (73 g) was added and the suspen-
sion was stirred for 30 minutes, filtered, and the filter cake
washed with further ethyl acetate. The filtrate was evapo-
rated to dryness. The dark solid residue was dissolved in
cthyl acetate (200 mL), charcoal was added and the suspen-
sion was heated under refluxed for 1 hour. The suspension
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was filtered through celite and the solvent removed at
reduced pressure. The dark solid was dissolved in dichlo-
romethane, 1so-hexane was added and the solvent evapo-

rated (repeated 3 times) to give the title compound as a
yellow solid (34.81 g, 92%).

'H NMR (400 MHz, CDCL,): & 7.36-7.16 (m, 6H); 6.80
(d, J=7.79 Hz, 1H); 6.74-6.69 (m, 2H); 5.83 (s, 1H); 5.15 (s,
1H); 1.53-1.30 (s, 9H).

Step 4: (S)-tert-Butyl ((3-hydroxyphenyl)(phenyl)
methyl)carbamate

PN

OH

The racemic mixture from step 3 was purified by SFC

using a CHIRALPAK® AD 20 uM 250x110 mm column
using n-heptane/2-propanol/diethylamine (60/40/0.1) as elu-

ant with a flow rate of 570 ml/min at 25° C. From 54.1 g of
crude material (S)-tert-butyl ((3-hydroxyphenyl)(phenyl)
methyl)carbamate (R~=8.5-8.6 min, 23.9 g, 99.2 e.e.) was
obtained.

Step 5: (S)-Methyl 4-((3-(((tert-butoxycarbonyl)
amino )(phenyl)methyl)-phenoxy)methyl)benzoate

PN

CO,Me

A mixture of (S)-tert-butyl ((3-hydroxyphenyl)(phenyl)
methyl)carbamate (3.20 g, 10.7 mmol), methyl 4-(bromom-
cthyl)benzoate (2.70 g, 11.8 mmol) and potassium carbonate
(2.20 g, 16.1 mmol) in acetonitrile (54 mL) was stirred at RT
for 16 hours. The reaction mixture was concentrated at
reduced pressure and the residue partitioned between ethyl
acetate and water. The aqueous phase was extracted with
turther ethyl acetate and the combined organic extracts
combined, dried with anhydrous magnesium sulfate, filtered
and the solvent evaporated at reduced pressure. The residue
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was recrystallised from ethyl acetate and 1so-hexane to
afford the title compound as a white solid (3.25 g, 68%).

'H NMR (400 MHz, CDCl,): & 8.04 (d, J=8.2 Hz, 2H);
7.46 (d, J=8.2 Hz, 2H); 7.34-7.20 (m, 6H); 6.90-6.81 (m,
3H); 5.87 (s, 1H); 5.13 (s, 1H); 5.07 (s, 2H); 3.92 (s, 3H);
1.44 (s, 9H).

Step 6: (S)-Methyl 4-((3-(amino(phenyl)methyl)
phenoxy)methyl)benzoate hydrochloride

NH,HCI

)

\

O

CO>Me

To a solution of (S)-methyl 4-((3-(((tert-butoxycarbonyl )
amino)(phenyl)methyl)-phenoxy)methyl)benzoate (3.21 g,
7.20 mmol) in methanol (36 mL) was added hydrogen
chloride 1n dioxane (4 M, 9.0 mL, 36 mmol). The reaction
mixture was stirred at RT for 16 hours. The solvent was
removed at reduced pressure to aflord the title compound
(2.65 g, >95%).

'"H NMR (400 MHz, CDCl,): 8 9.21 (s, 2H); 8.03 (d.
J=8.1 Hz, 2H); 7.64 (d, J=8.1 Hz, 2H); 7.59 (d, J=7.6 Hz,
2H); 7.49-7.34 (m, 5H); 7.17 (d, J=7.7 Hz, 1H); 7.06 (dd,
J=8.3, 2.4 Hz, 1H); 5.64 (s, 1H); 5.28 (s, 2H); 3.91 (s, 3H).

Step 7

Methyl 4-((3-((S)-phenyl(({(R)-quinuclidin-3-yloxy)
carbonyl)amino)methyl)-phenoxy)methyl)benzoate

X N

O
.

O ‘ ‘

To a stirred solution of (S)-methyl 4-((3-(amino(phenyl)
methyl)phenoxy)-methyl)benzoate hydrochloride (12.0 g,
31.3 mmol) 1 pyndine (100 mL) at 0° C. was added
portion-wise (R)-quinuclidin-3-yl carbonochlornidate (8.50
g 37.5 mmol). The reaction was stirred at 0° C. for 1 hour
and then allowed to warm to RT for 16 hours. Water was
added to the reaction mixture and extracted with ethyl
acetate (x3). The combined extracts were washed with brine,
dried (sodium sulfate), filtered and the solvent evaporated at
reduced pressure. The crude material was purified by chro-

MeQO
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matography on a KP-NH Biotage cartridge eluting with
0-20% methanol in ethyl acetate to atford the title compound
(10.3 g, 66%).

Step 8; 4-((3-((S)-Phenyl(({({R)-quinuclidin-3-yloxy)
carbonyl)amino )methyl)-phenoxy)methyl)benzoic
acid

HO

To a stirred solution of methyl 4-((3-((S)-phenyl({({({R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)
methyl)benzoate (2.27 g, 4.50 mmol) in THF (23 mL) was
added an aqueous solution of lithium hydroxide (2.0 M, 9.0
ml, 18.0 mmol). The mixture was stirred at RT for 16 hours.
The pH of the reaction mixture was adjusted to 6 by the
addition of 4M aqueous hydrochloric acid. The mixture was
then extracted with 10% methanolic ethyl acetate (x2) and
the combined organic extracts evaporated at reduced pres-
sure. The residue was then dissolved in ethanol and re-
evaporated at reduced pressure to aflord the title compound
as a pale yellow solid (1.85 g, 84%).

'"H NMR (400 MHz, DMSO-d,): & 8.41 (d, J=9.4 Hz,
1H); 7.99 (d, J=7.9 Hz, 2H); 7.58 (d, J=8.0 Hz, 2H);
7.42-7.26 (m, 6H); 7.09 (s, 1H); 7.02-6.91 (m, 2H); 5.87 (d,
J=9 Hz, 1H); 5.21 (s, 2H); 4.76 (s, 1H); 3.98-2.72 (m, 6H);
2.12-1.54 (m, 5H).

Step 9: 4-(3-(1,3-Dioxolan-2-yl)propyl) 1-tert-butyl
piperidine-1.,4-dicarboxylate

BocN

OWJ

A
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To a stirred solution of piperidine-4-carboxylic acid
N-tert-butoxycarbonyl (1.86 g, 8.11 mmol) in DMF (20 mL)
was added potasstum carbonate (1.68 g, 12.2 mmol). The
reaction mixture was stirred at RT for 20 minutes and then

a solution of 2-(3-chloropropyl)-1,3-dioxolane (0.815 g,
5.41 mmol) in DMF (5 mL) and sodium 1odide (0.973 g,
6.49 mmol) was added. The resultant mixture was heated at
80° C. for 18 hours. The reaction mixture was allowed to

cool and diluted with ethyl acetate and water. The organic
phase was removed, washed with brine (x2), dried (magne-
sium sulfate), filtered and the solvent evaporated at reduced
pressure. The residue was purified by flash column chroma-

tography eluting with 0 to 25% ethyl acetate/iso-hexane to
alford the title compound (0.719 g, 39%).

'H NMR (400 MHz, CDCL,): & 4.90-4.88 (m, 1H):
4.14-4.11 (m, 2H); 4.02-3.83 (m, 6H); 2.86-2.80 (m, 2H):;
2.47-2.40 (m, 1H); 1.89-1.60 (m, 8H); 1.45 (s, 9H).

Step 10: 3-(1,3-Dioxolan-2-yl)propyl
piperidine-4-carboxylate hydrochloride

K\J\C’/\/\f\(}}

NG

HCl-dioxane (4 M, 5 mL, 20 mmol) was added to
4-(3-(1,3-dioxolan-2-yl)propyl) 1-tert-butyl piperidine-1,4-
dicarboxylate (0.71 g, 2.07 mmol) and the reaction mixture
was stirred at RT for 1.5 hours. The solvent was evaporated
at reduced pressure. The crude material was used directly
without purification.

Step 11; 3-(1,3-Dioxolan-2-yl)propyl 1-(4-((3-((S)-
phenyl((((R)-quinuclidin-3-yloxy)-carbonyl)amino)
methyl)phenoxy)methyl)benzoyl)piperidine-4-car-

boxylate
S
|«
A \/N\I(O&’
= O
= N
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To a stirred solution of 4-((3-((S)-phenyl{(({{R)-quinucli-

din-3-yloxy)carbonyl)amino )methyl)phenoxy)methyl)ben-

zoic acid (0.300 g, 0.57 mmol) in DMF (2.5 mL) was added
di-1so-propylethylamine (0.40 mL, 2.29 mmol) and HATU
(0.262 g, 0.69 mmol) and the mixture stirred at RT for 30

minutes. To the resultant solution was added a solution of

3-(1,3-d1oxolan-2-yl)propyl piperidine-4-carboxylate

hydrochloride (0.241 g, 0.86 mmol) in DMF (1.8 mL). The
mixture was stirred at RT for 18 hours. The mixture was
diluted with ethyl acetate, washed with 10% aqueous potas-
sium carbonate, brine (x2), dried (magnesium sulfate), fil-

tered and the solvent evaporated at reduced pressure. The
residue was used directly in the next step with no further

purification.

Step 12: 4-Oxobutyl 1-(4-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl)amino )-methyl )phe-
noxy )methyl)benzoyl)piperidine-4-carboxylate

O\/\/\Ok/j ‘

NN N
T

To a solution of 3-(1,3-dioxolan-2-yl)propyl 1-(4-((3-
((S)-phenyl(({((R)-quinuclidin-3-yloxy)carbonyl)amino)
methyl)phenoxy)methyl)benzoyl)piperidine-4-carboxylate
in THF (4.7 mL) was added 2 M aqueous hydrochloric acid

(4.7 mL). The reaction mixture was stirred at RT for 4 hours.
The reaction mixture was partitioned between saturated

sodium hydrogen carbonate and ethyl acetate. The organic

phase removed and the aqueous phase was extracted with

turther ethyl acetate (x2). The combined organic phases

were washed with brine, dried (magnesium sulfate), filtered
and the solvent evaporated at reduced pressure. The residue
was used directly in the next step with no further purifica-

tion.
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Step 13: 4-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo0-1,
2-dihydroquinolin-5-yl)ethyl)-amino )butyl 1-(4-((3-
((S)-phenyl(({((R)-quinuclidin-3-yloxy)carbonyl)

amino )methyl)-phenoxy)methyl)benzoyl)piperidine-
4-carboxylate (Compound 1)

To a suspension of (R)-5-(2-amino-1-hydroxyethyl)-8-

hydroxyquinolin-2(1H)-one hydrochloride (0.136 g, 0.53

mmol) i methanol (3.5 mL) was added triethylamine (0.148

ml., 1.06 mmol). The mixture was stirred for 10 minutes and
then a solution of 4-oxobutyl 1-(4-((3-((S)-phenyl({({((R)-
quinuclidin-3-yloxy)carbonyl )Jamino)methyl)-phenoxy)

0.50

mmol) i methanol (3.4 mL) was added. The mixture was

methyl)benzoyl)piperidine-4-carboxylate (0.337 g,

stirred at RT for 1 hour. Sodium triacetoxyborohydride
(0.267 g, 1.26 mmol) followed by acetic acid (0.121 mlL,
2.12 mmol) was added and the reaction continued for a

further 18 hours. The reaction mixture was quenched with
water and evaporated at reduced pressure. The residue
dissolved 1n 1so-butanol and washed with water. The organic
phase was evaporated at reduced pressure and the crude

=<

\
/

Z
\

o

material was purified by reverse phase preparative HPLC to
afford the title compound (0.072 g, 16%).

"HNMR (400 MHz, DMSO-d, @85° C.): 8 8.23-8.17 (m,
3H); 7.78-7.70 (m, 1H); 7.48 (d, J=7.9 Hz, 2H); 7.41-7.20
(m, 8H); 7.08 (d, J=8.1 Hz, 1H); 7.05-7.01 (m, 1H); 6.97-
6.88 (m, 3H); 6.49 (d, J=9.9 Hz, 1H); 5.83 (d, J=8.8 Hz, 1H);
5.12 (s, 2H); 5.04 (dd, J=7.7, 4.9 Hz, 1H); 4.63-4.57 (m,
1H); 4.06 (t, J=6.5 Hz, 2H); 3.98-3.86 (m, 1H); 3.13-3.03
(m, 3H); 2.83-2.52 (m, 9H); 1.94-1.83 (m, 3H); 1.80-1.70
(m, 1H); 1.67-1.37 (m, 9H); 1.36-1.25 (m, 1H). 1H obscured

by water signal.

The following compounds were prepared as described 1n
Example 1 using the appropriate tert-butoxycarbonyl amino-
acid 1 Step 9 and the product in the subsequent steps.
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butoxycarbonyl
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Example 1A "H NMR (400 MHz, DMSO-d, 105° C.): 4 8.25-8.17 (m,
3H); 7.57 (d, J=8.8 Hz, 1H); 7.47 (d, J=7.9 Hz, 2H);
45
(R)-Quinuclidin-3-y1 ((S)-(3-((4-(4-(((R)-2-hydroxy- 7.37-7.27 (m, 6H); 7.28-7.20 (m, 2H); 7.09 (d, J=8.1 Hz,
2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)ethyl) | B ' '
amino )piperidine-1-carbonyl)benzyl)oxy)phenyl)- LH); 7.03 (d, J=2.2 Hz, 1H); 6.98-6.88 (m, 3H); 6.49 (d,
(phenyl)methyl)carbamate (Compound 9A) 1=9.9 Hz, 1H); 583 (d, J=8.7 Hz, 1H); 5.12 (s, 2H);
OH
H H
N N Oy,
T O7IT
N O
HO = ‘ 7
N X 7
O

The title compound was prepared as described 1n Example 5.04-4.97 (m, 1H); 4.64-4.58 (m, 1H); 3.87 (s, 2H); 3.12-
1 with 1,4-dioxa-8-azaspiro[4.5]decane replacing of 3-(1,3- 3.00 (m, 3H); 2.83 (t, J=6.2 Hz, 2H); 2.79-2.56 (m, 6H):

dioxolan-2-yl)propyl piperidine-4-carboxylate hydrochlo- 65 B
ride 1 Step 11 and the subsequent products used 1n Steps 1.93-1.89 (m, 1H); 1.79 (d, J=14.6 Hz, 3H); 1.64-1.56 (m,
12-13. 1H); 1.52-1.45 (m, 1H); 1.34-1.22 (m, 3H).
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Example 1B

(R)-Quinuclidin-3-y1 ((8)-(3-((4-(4-((((R)-2-hy-
droxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl) 5
cthyl)amino )methyl)piperidine-1-carbonyl )benzyl)
oxy )-phenyl)(phenyl)methyl)carbamate (Compound
OB)

\
1o~ ‘ N @
HN N \N)k o N

A

O ‘ P

HO
/\/k/ﬁ\/ \) X ‘\/O\ AN
F

The title compound was prepared as in Example 1 with = Step 1: 3-((3-((S)-Phenyl((((R)-quinuclidin-3-yloxy)
4-(1,3-dioxolan-2-yl)piperidine replacing 3-(1,3-dioxolan- carbonyl)amino)methyl)-phenoxy)methyl)benzoic
2-yDpropyl piperidine-4-carboxylate hydrochloride 1n Step acid

11 and the subsequent products used 1n Steps 12-13.

"H NMR (400 MHz, DMSO-d,, 110° C.): § (d, J=9.9 Hz,
1H); 7.84 (d, J=8.6 Hz, 1H); 7.49 (d, J=7.9 Hz, 2H);
7.39-7.20 (m, 8H); 7.16 (d, J=8.2 Hz, 1H); 7.04-7.00 (m, 2N
2H); 6.99-6.90 (m, 2H); 6.57 (d, J=9.9 Hz, 1H); 5.85 (d, ‘

J=8.7 Hz, 1H); 5.40 (dd, J=8.0, 5.0 Hz, 1H); 5.13 (s, 2H): X o

497-491 (m, 1H); 4.04 (d, J=13.5 Hz, 2H); 3.66 (ddd, 35

I1=14.0, 8.4, 2.6 Hz, 1H); 3.33-3.11 (m, 6H); 3.12-2.95 (m, HO O F \“““‘\NJ‘\O

SH); 2.25 (d, J=4.4 Hz, 1H); 2.16-1.71 (m, 7H); 1.28 (dd, \O H z
O RN :

30

J=24.1, 12.0 Hz, 2H).

Example 1C 40

4-(((R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydro-

quinolin-3-yl)ethylamino)butyl 1-(3-((3-((S)-phenyl The title compound was prepared as described in Example

((((R)-quinuclidin-3-yloxy)c‘arbt?n.yl)amino)-methyl) 1 Step S5 to Step 8 with methyl 3-(bromomethyl)benzoate
phenoxy )methyl)benzoyl)piperidine-4-carboxylate * replacing methyl 4-(bromomethyl)benzoate in Step 5 and
(Compound 9C) the products used 1n subsequent steps.
=z ‘
AN o

X

O\/\w‘“ﬂ Sy )J\O
H =
AN
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'H NMR (400 MHz, DMSO-d,./D,0): § 8.27 (s, 1H); 7.96
(s, 1H); 7.84 (d, J=7.7 Hz, 1H); 7.55 (d, J=7.7 Hz, 1H);
7.46-7.40 (m, 1H); 7.31-7.18 (m, 7H); 7.02 (s, 1H); 6.88 (t,
1=9.5 Hz, 2H); 5.78 (s, 1H); 5.14 (s, 2H); 4.72 (s, 1H); 3.36
(m, 1H); 3.06-2.72 (m, 5H); 2.09-2.02 (m, 1H), 1.94 (s, 1H);
1.77 (s, 1H); 1.70-1.51 (m, 2H).

Step 2: 4-(((R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-
dihydroquinolin-3-yl)ethyl)amino)-butyl 1-(3-((3-
((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)
amino )methyl)phenoxy)-methyl)benzoyl)piperidine-
4-carboxylate (Compound 9C)

The title compound was prepared as described in Example
1 Step 11 to Step 13 with 3-((3-((S)-phenyl((((R)-quinucli-
din-3-yloxy)carbonyl)amino )methyl)phenoxy)-methyl )ben-
zoic acid replacing 4-((3-((S)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)-amino)methyl)phenoxy)methyl)benzoic
acid 1 Step 11 and the products used in subsequent steps.

"H NMR (400 MHz, DMSO-d,.): § 10.50 (s, 2H); 9.69 (s,
1H); 8.65 (s, 3H); 8.45 (d, J=9.2 Hz, 1H); 8.16 (d, J=10.0
Hz, 1H); 7.55-7.41 (m, 3H); 7.35-7.20 (m, 7H); 7.15 (d,
J=8.2 Hz, 1H); 7.05-6.92 (m, 3H); 6.91 (dd, J=8.2, 2.4 Hz,
1H); 6.58 (d, J=9.9 Hz, 1H); 6.19 (s, 1H); 5.83 (d, J=9.1 Hz,
1H); 5.32 (d, J=9.7 Hz, 1H); 5.12 (s, 2H); 4.88-4.83 (m, 1H);
4.33 (s, 1H); 4.10-4.04 (m, 2H); 3.69-3.51 (m, 2H); 3.36-
2.90 (m, 8H); 2.70-2.60 (m, 1H); 2.23 (s, 1H); 2.12-2.01 (m,
1H); 1.97-1.52 (m, 12H).

Example 1D

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihydro-
quinolin-3-yl)ethyl)-amino)butyl 1-(3-((3-((S)-phe-
nyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)
methyl)-phenoxy )methyl)furan-2-carbonyl)
piperidine-4-carboxylate (Compound 9D)
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Step 1: 5-((3-((S)-Phenyl((({R)-quinuclidin-3-yloxy)
carbonyl)amino)methyl)-phenoxy)methyl)furan-2-
carboxylic acid

HO

The title compound was prepared as described 1n Example
1 Step 5 to Step 8 with methyl S-(chloromethyl)furan-2-
carboxylate replacing methyl 4-(bromomethyl)benzoate 1n
Step 5 and the products used in subsequent steps.

'H NMR (400 MHz, DMSO-d,): & 8.32 (d, ]=9.3 Hz,
1H); 7.36-7.28 (m, 4H); 7.28-7.20 (m, 2H); 7.08 (s, 1H):
6.91 (t, J=9.4 Hz, 2H); 6.83 (d, J=3.3 Hz, 1H); 6.58 (d, ]=3.3
Hz, 1H); 5.82 (d, J=9.2 Hz, 1H); 5.06 (s, 2H); 4.73 (s, 1H);
2.98 (s, 2H); 2.88 (s, 2H); 2.76 (d, J=14.8 Hz, 1H); 2.07 (s,
1H); 1.94 (s, 1H); 1.73 (s, 1H); 1.65 (s, 2H); 1.55 (s, 1H).
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Step 2: 4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-
dihydroquinolin-3-yl)ethyl)amino)-butyl 1-(3-((3-
((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)
amino)methyl)phenoxy)-methyl)furan-2-carbonyl)
piperidine-4-carboxylate (Compound 9D)

The title compound was prepared as described in Example
1 Step 11 to Step 13 with 3-((3-((S)-phenyl((((R)-quinucli-
din-3-yloxy)carbonyl)amino )methyl)phenoxy )-methyl)
turan-2-carboxylic acid replacing 4-((3-((S)-phenyl(({((R)-
quinuclidin-3-yloxy)carbonyl)amino)methyl)phenoxy)
methyl)benzoic acid in Step 11 and the products used in
subsequent steps.

'"H NMR (400 MHz, DMSO-d,): & 8.36-8.08 (m, 4H);
7.33-7.19 (m, 6H); 7.11 (d, J=8.2 Hz, 1H); 7.03 (s, 1H);
6.97-6.90 (m, 4H); 6.68 (d, I=3.4 Hz, 1H); 6.53 (d, J=9.9 Hz,
1H); 5.82 (d, J=9.2 Hz, 1H); 5.20 (dd, J=8.0, 4.6 Hz, 1H);
5.10 (s, 2H); 4.60 (s, 1H); 4.16 (d, J=13.1 Hz, 2H); 4.05 (,
J1=5.9 Hz, 2H); 3.18-3.07 (m, 1H); 2.90-2.55 (m, 9H); 1.88
(d, I=17.3 Hz, 4H); 1.67-1.31 (m, 12H).

T

Example 1.

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-5-yl)ethyl)-amino )butyl 1-(1-methyl-5-((3-
((S)-pheny](({((R)-quinuclidin-3-yloxy)carbonyl)

amino )-methyl)phenoxy )methyl)-1H-pyrazole-3-
carbonyl)piperidine-4-carboxylate (Compound 9E)
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Step 1: 1-Methyl-5-((3-((S)-phenyl(({{R)-quinucli-
din-3-yloxy)carbonyl)amino)-methyl )phenoxy)
methyl)-1H-pyrazole-3-carboxylic acid

HO ‘ \
\

The title compound was prepared as described 1n Example

1 Step 5 to Step 8 with S-bromomethyl-1-methyl-1H-pyra-
zole-3-carboxylic acid methyl ester replacing methyl 4-(bro-

momethyl)benzoate in Step 5 and the products used in

subsequent steps.

'H NMR (400 MHz, DMSO-d,): & 8.26 (d, J=9.3 Hz,
1H); 7.33-7.18 (m, 6H); 7.07 (s, 1H); 6.99-6.91 (m, 2H):
6.74 (s, 1H); 5.82 (d, J=9.2 Hz, 1H); 5.18 (s, 2H); 4.60 (s,
2H); 3.88 (s, 3H); 3.18-3.07 (m, 1H); 2.74 (m, 4H); 1.94 (s,
1H); 1.83 (s, 1H); 1.62 (s, 1H); 1.52 (s, 1H); 1.39 (s, 1H).
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Step 2; 4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-
dihydroquinolin-3-yl)ethyl)amino)-butyl 1-(1-
methyl-5-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)
carbonyl)amino )methyl)-phenoxy)methyl)-1H-
pyrazole-3-carbonyl)piperidine-4-carboxylate
(Compound 9E)

The title compound was prepared as described in Example
1 Step 11 to Step 13 with 1-methyl-3-((3-((S)-phenyl(({((R)-
quinuclidin-3-yloxy)carbonyl)amino )methyl)-phenoxy)
methyl)-1H-pyrazole-3-carboxylic acid replacing 4-((3-
((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)
methyl)phenoxy)methyl)benzoic acid 1 Step 11 and the
products used 1n subsequent steps.

'"H NMR (400 MHz, DMSO-d,): & 8.34-8.18 (m, 3H);
8.18 (d, I=9.9 Hz, 1H); 7.34-7.18 (m, 6H); 7.13-7.04 (m,
2H); 6.99-6.90 (m, 3H); 6.67 (s, 1H); 6.53 (d, J=9.9 Hz, 1H);
5.83 (d, J=9.1 Hz, 1H); 5.20-3.11 (m, 3H); 4.59 (s, 1H); 4.50
(d, J=12.8 Hz, 1H); 4.34 (s, 1H); 4.08-4.01 (m, 2H); 3.87 (s,
3H); 3.34-3.02 (m, 2H); 2.89-2.55 (m, 10H); 1.95-1.79 (m,
4H); 1.69-1.36 (m, 10H).

Example 1F

Quinuclidin-3-y1{(S)-(3-((3-(4-((((R)-2-hydroxy-2-
(8-hydroxy-2-ox0-1,2-dihydroquinolin-3-yl)ethyl)
amino )methyl)piperidine-1-carbonyl)-1-methyl-1H-
pyrazol-5-yl)methoxy)phenyl)}(phenyl )methyl)
carbamate (Compound 9F)

HO

1

HO
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Example 1G

(R)-Quinuclidin-3-y1 ((3-((3-(4-((((R)-2-hydroxy-2-
(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl)
amino)methyl)piperidine-1-carbonyl)benzyl)oxy)-

phenyl)(phenyl)methyl)carbamate (Compound 9G)

The title compound was prepared as described Example 1
with 4-(1,3-dioxolan-2-yl)piperidine replacing 3-(1,3-di-

N\/UJ\WO 1 ?H/ @
\ z

The title compound was prepared as described Example 1 50 oxolan-2-yl)propyl piperidine-4-carboxylate hydrochloride

with 4-(1,3-dioxolan-2-yl)piperidine replacing 3-(1,3-di-
oxolan-2-yl)propyl piperidine-4-carboxylate hydrochloride
and 1-methyl-5-((3-((S)-phenyl(({{R)-quinuclidin-3-yloxy)
carbonyl)amino )-methyl)phenoxy)methyl)-1H-pyrazole-3-

carboxylic acid replacing 4-((3-((S)-phenyl{({((R)-quinucli-
din-3-yloxy)carbonyl)amino )methyl)phenoxy)-methyl)
benzoic acid 1n Step 11 and the subsequent products used in
Steps 12-13.

'"H NMR (400 MHz, DMSO, 110° C.): 8 8.20 (d, J=9.9
Hz, 1H); 7.84 (d, J=8.7 Hz, 1H); 7.34-7.21 (m, 6H); 7.16 (d,
J=8.2 Hz, 1H); 7.04-6.92 (m, 4H); 6.61-6.55 (m, 2H); 5.86
(d, J=8.6 Hz, 1H); 5.39 (dd, J=8.0, 5.0 Hz, 1H); 3.18 (s, 2H);
4.96-4.91 (m, 1H); 4.52 (d, J=13.0 Hz, 2H); 3.88 (s, 3H);
3.65-2.94 (m, 10H); 2.26 (d, J=4.5 Hz, 1H); 2.18-1.76 (m,
OH); 1.27 (dd, J=12.2, 4.1 Hz, 2H).

55

60

65

and 3-((3-((S)-phenyl(({((R)-quinuclidin-3-yloxy)carbonyl)
amino)-methyl)phenoxy)methyl)benzoic acid replacing
4-((3-((S)-phenyl(({{R)-quinuclidin-3-yloxy)carbonyl)
amino)methyl)phenoxy)methyl)benzoic acid 1 Step 11 and
the subsequent products used 1n Steps 12-13.

'"H NMR (400 MHz, DMSO-d,, @ 110° C.); 8.22 (d,
I=9.9 Hz, 1H); 8.15 (s, 2H); 7.54 (d, J=8.3 Hz, 1H);
7.49-7.39 (m, 3H); 7.32-7.30 (m, SH); 7.23 (t, J=8.2 Hz,
2H); 7.09 (d, J=8.2 Hz, 1H); 7.02 (dd, J=2.1, 2.1 Hz, 1H);
6.98-6.89 (m, 3H); 6.49 (d, J=9.8 Hz, 1H); 5.83 (d, J=8.7 Hz,
1H); 5.13 (s, 2H); 5.05 (dd, J=4.8, 7.6 Hz, 1H); 4.65-4.61
(m, 1H); 4.02-3.91 (m, 2H); 3.12 (dd, J=8.3, 14.4 Hz, 1H);
2.90-2.61 (m, 8H); 2.60-2.51 (m, 3H); 1.93 (dd, J=3.2, 6.3
Hz, 1H); 1.83-1.45 (m, 6H); 1.37-1.30 (m, 1H); 1.18-1.07
(m, 2H).
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Synthesis of Compounds 10 to 15

CHO / \

O O
X NP N /\/OH
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Example 2

2-(N-Ethyl-4-((({(R)-2-hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl)amino)methyl)ben-
zamido )ethyl 4-((3-((S)-pheny]({({((R)-quinuclidin-3-
yloxy)carbonyl)amino)methyl)phenoxy)methyl)
benzoate (Compound 10)

BN N (
" \
‘/\ N Q\H/N\
O

F

N O O
H

N

OH

\

/

Step 1: Methyl 4-(1,3-dioxolan-2-yl)benzoate

]

O

P
‘/ AN

pe
\O O

To stirred solution of methyl 4-formylbenzoate (5.0 g,

30.46 mmol) 1n toluene (196 mL) was added ethylene glycol
(8.49 mL, 152.3 mmol) and para-toluenesulfonic acid mono-
hydrate (0.358 g, 3.05 mmol). The reaction mixture was
heated at reflux under Dean and Stark conditions for 1.5

hours. The solvent was evaporated at reduced pressure and

the residue partitioned between ethyl acetate and saturated

aqueous sodium hydrogen carbonate. The organic phase was

5

40

45

50

55

60

65
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removed and washed with further saturated aqueous sodium
hydrogen carbonate, brine and dried (magnesium sulfate).
The mixture was filtered and the solvent evaporated at
reduced pressure to aflord the title compound (6.29 g, 99%).

'H NMR (400 MHz, CDCL,): & 8.09-8.02 (m, 2H):
7.58-7.51 (m, 2H); 5.86 (s, 1H); 4.16-4.01 (m, 4H); 3.92 (s,
3H).

Step 2:
N-FEthyl-4-formyl-N-(2-hydroxyethyl)benzamide

CHO

OH

A solution of methyl 4-(1,3-dioxolan-2-yl)benzoate (0.63

g 3.0 mmol) mm 2-(ethylamino)ethanol (2.93 mL, 30.0
mmol) was heated 1n a microwave at 130° C. for 2 hours.

The reaction mixture was partitioned between DCM and 1M
aqueous hydrochloric acid and stirred vigorously for 1 hour.

The organic phase was removed, washed with brine and

passed through a hydrophobic irit. The solvent was evapo-
rated at reduced pressure to afford the title compound (0.334

g, 50%).

'H NMR (400 MHz, CDCL,): & 10.06 (s, 1H); 7.95 (d.
1=7.8 Hz, 2H); 7.58 (d, J=7.9 Hz, 2H); 3.76 (t, ]=57.5 Hz,
4H); 3.44-3.16 (m, 3H); 1.18-1.11 (m, 3H).
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Step 3: 2-(N-Ethyl-4-formylbenzamido)ethyl 4-((3-
((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)
amino )methyl)phenoxy)methyl)benzoate

78

/\‘
H
MY
E O N~
X 0

O

\
/\)LN/\/O S
T T

N
The title compound was prepared as described in Example
1 Step 11 with N-ethyl-4-formyl-N-(2-hydroxyethyl)benz-
amide replacing 3-(1,3-dioxolan-2-yl)propyl piperidine-4-
carboxylate hydrochloride. The product was used directly
without further purification.

Step 4; 2-(N-Ethyl-4-((((R)-2-hydroxy-2-(8-hy-
droxy-2-o0xo0-1,2-dihydroquinolin-3-yl)ethyl)amino)
methyl)benzamido )ethyl 4-((3-((S)-phenyl({({({R)-
quinuclidin-3-yloxy)carbonyl)amino )methyl )
phenoxy)methyl)benzoate (Compound 10)

The title compound was prepared as described 1n Example
1 Step 13 with 2-(N-ethyl-4-formylbenzamido)ethyl 4-((3-
((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)amino)-

Cpd. Appropriate amine

11

HT/\/OH

F

NH

/\

OH

25

30

35

methyl)phenoxy)methyl)benzoate replacing 4-oxobutyl
1-(4-((3-((S)-phenyl((((R)-qunuclidin-3-yloxy)carbonyl )
amino)methyl )phenoxy)methyl))benzoyl)piperidine-4-car-
boxylate.

'H NMR (400 MHz, DMSO-d,): 8 10.30 (bs, 1H);
8.28-8.21 (m, 2H); 8.11 (d, J=9.9 Hz, 1H); 8.04-7.84 (im,
2H); 7.58 (d, J=8.0 Hz, 2H); 7.40-7.18 (m, 10H); 7.09-7.02
(m, 2H); 6.97-6.86 (m, 3H); 6.48 (d, J=9.9 Hz, 1H); 5.82 (d,
J=9.1 Hz, 1H); 5.18 (s, 2H); 5.07 (dd, J=8.0, 4.3 Hz, 1H);
4.62-4.30 (m, 3H); 3.85-3.07 (m, 7H); 2.81-2.54 (m, 7H);
1.95-1.74 (m, 2H); 1.66-1.29 (m, 3H); 1.23-0.98 (m, 3H).

The following compounds were prepared as described 1n

Example 2 using the appropriate amine in Step 2 and the
product 1n the subsequent steps.

Structure

H
N O;fh
0 \”/ @
\ N/\/O \
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-continued
Cpd. Appropriate amine Structure
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OH
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Structure
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Example 3

2-(3-((((R)-2-Hydroxy-2-(8-hydroxy-2-o0xo0-1,2-di-
hydroquinolin-5-yl)ethyl)-amino)methyl)-N-methyl-
benzamido)ethyl 4-((3-((S)-phenyl(({{R)-quinucli- d
din-3-yloxy)carbonyl)amino )methyl)phenoxy)
methyl)benzoate (Compound 16)

{

Step 1: Methyl 3-(1,3-dioxolan-2-yl)benzoate 20

35

O

I\
X
7

40

‘\/\n/o\

B2

RN
g

O

34

Step 2:
3-Formyl-N-(2-hydroxyethyl)-N-methylbenzamide

N

The title compound was prepared as described in Example
45 2 Step 2 with methyl 3-(1,3-dioxolan-2-yl)benzoate and

O N-methylethanolamine replacing methyl 4-(1,3-dioxolan-2-
yl)benzoate and N-ethylethanolamine respectively.

The title compound was prepared as described in Example
2 Step 1 with methyl 3-formylbenzoate replacing methyl
4-formylbenzoate.

Step 3: 2-(3-Formyl-N-methylbenzamido)ethyl

4-((3-((S)-phenyl((({(R)-quinuclidin-3-yloxy)carbo-

nyl)amino)methyl)phenoxy )methyl)benzoate

R

N

N\
\/

@

/
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The title compound was prepared as described in Example
1 Step 11 with 3-formyl-N-(2-hydroxyethyl)-N-methylben-
zamide replacing 3-(1,3-dioxolan-2-yl)propyl piperidine-4-
carboxylate hydrochloride. The product was used directly
without further punfication.

Step 4: 2-(3-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-
1,2-dihydroquinolin-5-yl)ethyl)-amino)methyl )-IN-
methylbenzamido)ethyl 4-((3-((S)-phenyI({({((R)-
quinuclidin-3-yloxy)-carbonyl)amino)methyl )
phenoxy)methyl)benzoate (Compound 16)

The title compound was prepared as described in Example

1 Step 13.
The following compounds were prepared as described in

Example 2 with the appropriate aldehyde replacing methyl
4-formylbenzoate 1n Step 1 and ethanolamine replacing
2-(ethylamino)ethanol i Step 2. The subsequent steps are as
described 1 Example 2.

Appropriate
Cpd. aldehyde
17
O

j\

X

:\f

~o 0

18

10

15

Structure

Z

86




US 9,453,013 B2
87 88

-continued
Appropriate
Cpd. aldehyde Structure
19
20
21

The following compounds were prepared as described in
Example 2 with the appropriate aldehyde replacing methyl

4-formylbenzoate m Step 1 and propanolamine replacing 45
2-(ethylamino)ethanol 1n Step 2. The subsequent steps are as
described in Example 2.

Appropriate
Cpd. aldehyde Structure
21A
Y/
O~
N P HN
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-continued

Appropriate
Cpd. aldehyde Structure

218

Example 4

4-(((R)-2-Hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-3-yl)ethyl)amino)butyl 2-methoxy-4-((3-
((S)-phenyl((((R)-quinuclidin-3-yloxy)carbonyl)
amino )methyl)phenoxy)methyl)benzoate
(Compound 22)

25

)

SONAN TN

Z
HO /\N/\/\/O\[(\/ 0 N
H

<
<
G

/

O

‘/\ N
aN X
H

OH

Step 1: Methyl
4-(bromomethyl)-2-methoxybenzoate

50

SIONANTN
|

N
\(L( 55

To a solution of methyl 2-methoxy-4-methylbenzoate
(2.07 g, 11.5 mmol) 1n chloroform (30 mL) was added
benzoyl peroxide (0.14 g, 0.57 mmol) and N-bromosuccin-
imide (2.04 g, 11.5 mmol). The reaction mixture was heated
at reflux for 3 hours. The reaction mixture was washed with
saturated sodium hydrogen carbonate and the organic phase
was poured through a hydrophobic irit and the solvent 65
evaporated at reduced pressure. The crude material was used
in the next step without further purification.
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Step 2: (S)-Methyl 4-((3-({((tert-butoxycarbonyl)
amino )(phenyl)methyl)phenoxy)methyl)-2-methoxy-

benzoate
O
<A
\/'\ X
‘ F ‘ F
O

\O/Y‘

CO,Me

PR

The title compound was prepared as described in Example
1 Step 5 with methyl 4-(bromomethyl)-2-methoxybenzoate
replacing methyl 4-(bromomethyl)benzoate.

'H NMR (400 MHz, CDCL,): & 7.84-7.76 (m, 1H):
7.36-7.18 (m, 6H); 7.09-6.77 (m, 5H); 5.87 (s, 1H); 5.17 (s,
1H); 5.03 (s, 2H); 3.92-3.87 (m, 6H); 1.49 (s, 9H).

Step 3: (S)-4-((3-(((tert-Butoxycarbonyl)amino)
(phenyl)methyl)phenoxy)methyl)-2-methoxybenzoic
acid

e
\ /'\\ o

F

/

F

O

PR

\O/Y‘

CO,H

To a solution of (S)-methyl 4-((3-({({(tert-butoxycarbonyl)
amino )(phenyl)-methyl)phenoxy)methyl)-2-methoxybenzo-
ate (0.90 g, 1.89 mmol) 1n a mixture of THF (9 mL) and
methanol (9 mL) was added aqueous 2 M sodium hydroxide
(9 mL). The reaction mixture was stirred at RT for 18 hours.
10% aqueous citric acid was added to the reaction mixture
to pH 3. The mixture was extracted with ethyl acetate (x2).
The combined organic phases were washed with brine, dried
(magnesium sulfate), filtered and the solvent evaporated at
reduced pressure to aflord the title compound (0.82 g, 87%).

'H NMR (400 MHz, CDCL,): & 8.20-8.16 (m, 1H):
7.37-7.19 (m, 6H); 7.13 (d, J=6.7 Hz, 2H); 6.93-6.83 (m,
3H); 5.87 (s, 1H); 5.16-5.03 (m, 3H); 4.12-4.03 (m, 3H):
1.43 (s, 9H).
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Step 4: (5)-3-(1,3-Dioxolan-2-yl)propyl 4-((3-
(((tert-butoxycarbonyl)amino )(phenyl)-methyl)phe-
noxy)methyl)-2-methoxybenzoate

J >T
S Tavgs
o2 .

The title compound was prepared as described in Example
1 Step 9 with (S)-4-((3-(((tert-butoxycarbonyl)amino )(phe-
nyl)methyl)phenoxy)methyl)-2-methoxybenzoic acid
replacing piperidine-4-carboxylic acid N-tert-butoxycarbo-
nyl.

Step 5: 3-(1,3-Dioxolan-2-y])propyl 2-methoxy-4-
((3-((S)-phenyl({({(R)-quinuclidin-3-yloxy)carbonyl)
amino )methyl)phenoxy)methyl)benzoate

The title compound was prepared as described in Example
1 Step 6 and Step 7 with (5)-3-(1,3-dioxolan-2-yl)propyl
4-((3-(((tert-butoxycarbonyl)amino )}(phenyl))-methyl)phe-
noxy )methyl)-2-methoxybenzoate replacing (S)-methyl
4-((3-(((tert-butoxycarbonyl)amino )(phenyl )methyl)phe-
noxy )methyl)benzoate 1 Step 6 and the subsequent product
used 1 Step 7.

Step 6: 4-(((R)-2-Hydroxy-2-(8-hydroxy-2-0xo0-1,2-
dihydroquinolin-3-yl)ethyl)-amino)butyl 2-methoxy-
4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbo-
nyl)amino )-methyl)phenoxy)methyl)benzoate
(Compound 22)

The title compound was prepared as described 1n Example
1 Step 12 and Step 13 with 3-(1,3-dioxolan-2-yl)propyl
2-methoxy-4-((3-((S)-phenyl{({{(R)-quinuclidin-3-yloxy)
carbonyl)amino )methyl)phenoxy)methyl)benzoate replac-
ing 3-(1,3-dioxolan-2-yl)propyl 1-(4-((3-((S)-phenyl{(({({R)-
quinuclidin-3-yloxy)carbonyl )Jamino)methyl)-phenoxy)
methyl)benzoyl)piperidine-4-carboxylate 1n Step 12 and the
subsequent product used 1n Step 13.

'"H NMR (400 MHz, DMSO-d,): 8 8.29 (s, 1H); 8.24 (d.
J=9.6 Hz, 1H); 8.17 (d, J=9.9 Hz, 1H); 7.64 (d, J=7.9 Hz,
1H); 7.34-7.18 (m, 8H); 7.12-7.02 (m, 2H); 6.97-6.87 (m,
3H); 6.51 (d, 9.9 Hz, 1H); 5.82 (d, J=9.0 Hz, 1H); 5.13 (s,
2H); 4.57 (s, 1H); 4.21 (t, J=6.2 Hz, 2H); 3.80 (s, 3H); 3.10
(s, 1H); 2.81 (d, J=6.3 Hz, 2H); 2.74 (d, J=7.7 Hz, 4H); 2.67
(s, 1H); 2.62 (s, 2H); 1.97-1.72 (m, 3H); 1.74-1.66 (m, 2H);
1.64-1.56 (m, 2H); 1.48 (s, 2H); 1.34 (s, 1H).
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The following compounds were prepared as described in
Example 4 with the appropriate toluene replacing methyl
2-methoxy-4-methylbenzoate 1 Step 1.

Cpd. Appropriate toluene

23

N

24 I8
= ‘
/O W \
O
25
Cl
O
e \r‘ij\
O
Example 5
2-(N-(3-(((R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2- 45

dihydroquinolin-3-yl)ethyl)amino)propyl)acetamido)
ethyl 4-((3-((S)-phenyl({(({R)-quinuclidin-3-yloxy)
carbonyl)amino)methyl)phenoxy)methyl)benzoate
(Compound 26)

O
OH Y 0O 0 -7
b~ 1
\ o NN NN \ N N
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Step 1: 2-((2-(1,3-Dioxolan-2-yl)ethyl)(benzyl)
amino )ethanol
i ‘
AN
ndhdd
U

A solution of 2-benzylethanolamine (4.00 g, 26.5 mmol),
2-bromoethyl-1,3-dioxalane (5.27 g, 29.1 mmol) and di-1so0-
propylethylamine (6.12 mL, 34.45 mmol) 1n acetonitrile
(100 mL) were heated at reflux for 18 hours. The reaction
mixture was diluted with DCM, washed with water and the
organic phase poured through a hydrophobic irit. The sol-
vent was evaporated at reduced pressure and the residue
loaded onto an SCX-2 cartridge. The column was eluted
with ethanol (5 column volumes) followed by 10% trieth-
ylamine in ethanol (5 column volumes). Product containing,

fractions were combined and the solvent evaporated at
reduced pressure to aflord the title compound (3.15 g, 47%).

'H NMR (400 MHz, CDCL,): 8§ 7.34-7.21 (m, 5H);
4.93-4.82 (m, 1H); 3.99-3.77 (m, 4H); 3.66-3.50 (m, 4H);
2.69-2.55 (m, 4H); 1.93-1.79 (m, 2H); 1.27-1.17 (m, 1H).

Step 2: N-(2-(1,3-Dioxolan-2-yl)ethyl)-N-benzyl-2-
((tert-butyldimethylsilyl)oxy)-ethanamine

~ ]
N

o NS
</\(L/\/ o "\

To a stirred solution of 2-((2-(1,3-dioxolan-2-yl)ethyl)
(benzyl)amino)ethanol (2.81 g, 11.2 mmol) in DMF (10 mL)
was added immidazole (1.67 g, 24.61 mmol) and tert-bu-
tyldimethylsilyl chloride (3.35 g, 22.39 mmol). The reaction
mixture was stirred at RT for 18 hours. The reaction mixture
was diluted with ethyl acetate and washed with water and
brine. The organic phase was dried (magnestum sulfate),
filtered and the solvent evaporated art reduced pressure (3.87
g, 95%).

'"H NMR (400 MHz, CDCL,): 8§ 7.32-7.17 (m, 5H);
4.90-4.85 (m, 1H); 3.98-3.75 (m, 4H); 3.69-3.61 (m, 4H);
2.72-2.52 (m, 4H); 1.88-1.76 (m, 2H); 0.96-0.77 (m, SH);
0.05-0.01 (m, 6H).

Step 3: N-(2-(1,3-Dioxolan-2-yl)ethyl)-2-((tert-bu-
tyldimethylsilyl)oxy)ethanamine

H .
O\(\/N\/\O/ Sl\
<

To a stirred solution of N-(2-(1,3-dioxolan-2-yl)ethyl)-N-
benzyl-2-((tert-butyldimethylsilyl)oxy)ethanamine (3.87 g,
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10.6 mmol) 1n ethanol (100 mL) was added 10% palladium
on carbon (1.93 g) and 1-methyl-1,4-cyclohexadiene (5.93
ml., 53.0 mmol). The suspension was heated at retlux for 30
minutes and allowed to cool. The suspension was filtered
through celite and the filter cake washed with further etha-
nol. The solvent was evaporated at reduced pressure to

aflord the title compound (2.64 g, 91%).

'H NMR (400 MHz, CDCL,): & 4.91-4.81 (m, 1H):
3.96-3.71 (m, 4H); 3.67-3.56 (m, 2H); 2.74-2.61 (m, 4H):
1.86-1.72 (m, 2H); 1.68 (s, 2H); 0.83-0.78 (m, 9H); 0.09-
0.13 (m, 6M).

Step 4: N-(2-(1,3-Dioxolan-2-yl)ethyl)-N-(2-((tert-
butyldimethylsilyl)oxy)ethyl)-acetamide

0 Oji/\ li
NG
C(\/ O

To an 1ce-cooled solution of N-(2-(1,3-dioxolan-2-yl)
cthyl)-2-((tert-butyldimethylsilyl)oxy)ethanamine (0.85 g,
3.09 mmol) and di-1so-propylethylamine (0.82 mlL, 4.63
mmol) was added acetyl chloride (0.26 mL, 3.71 mmol). The
reaction mixture was stirred with 1ce-cooling for 1 hour, then
the coolant was removed and stirring continued at RT for 18
hours. The reaction mixture was washed with saturated
aqueous sodium hydrogen carbonate and the organic phase
poured through a hydrophobic fit. The solvent was evapo-
rated at reduced pressure to atlord the title compound (0.64

. 65%).

'H NMR (400 MHz, CDCL,): 8 4.84 (dt, J=6.3, 4.5 Hz.
1H); 3.97-3.76 (m, 4H); 3.75-3.63 (m, 2H); 3.55-3.29 (m,
4H); 2.10-2.04 (m, 3H); 1.97-1.84 (m, 2H); 0.84 (s, 9H):;
0.00 (s, 6H)

Step 5: N-(2-(1,3-Dioxolan-2-yl)ethyl)-N-(2-hy-
droxyethyl)acetamide

To a stirred solution of N-(2-(1,3-dioxolan-2-yl)ethyl)-N-
(2-((tert-butyldimethylsilyl)oxy)ethyl)acetamide (0.65 g,
2.04 mmol) n THF (5 mL) was added a solution of
tetrabutylammonium fluoride (1.0 M 1n THEF, 2.24 mL). The
reaction mixture was stirred at RT for 18 hours. The reaction
mixture was diluted with water and extracted with ethyl
acetate (x3). The combined organic extracts were dried
(magnesium sulfate), filtered and the solvent evaporated at
reduced pressure. The residue was purified by tlash column
chromatography eluting with 0 to 100% ethyl acetate/1so-
hexane to aflord the title compound (0.287 g, 69%) which
was used directly in the next step.
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Step 6: 2-(N-(2-(1,3-dioxolan-2-yl)ethyl)acetamido)
ethyl 4-((3-((S)-phenyl({({{R)-quinuclidin-3-yloxy)
carbonyl)amino)methyl)phenoxy)methyl)benzoate

OT )
o \/\O)ki\‘

\/\/O

The title compound was prepared as described in Example
1 Step 11 with N-(2-(1,3-dioxolan-2-yl)ethyl)-N-(2-hy-
droxyethyl)acetamide replacing 3-(1,3-dioxolan-2-yl)propyl
piperidine-4-carboxylate hydrochloride.

Step 7: 2-(N-(3-(((R)-2-hydroxy-2-(8-hydroxy-2-
0x0-1,2-dihydroquinolin-5-yl)ethyl)-amino )propyl)
acetamido)ethyl 4-((3-((S)-phenyl((((R)-quinuclidin-
3-yloxy)carbonyl)-amino )methyl)phenoxy)methyl)
benzoate (Compound 26)

The title compound was prepared as described in Example
1 Step 12 and Step 13 with 2-(N-(2-(1,3-dioxolan-2-vyl)
cthyl)acetamido)ethyl 4-((3-((S)-phenyl({(((R)-quinuclidin-
3-yloxy)carbonyl)amino )methyl)phenoxy )methyl)benzoate
replacing 3-(1,3-dioxolan-2-yl)propyl 1-(4-((3-((S)-phenyl

20
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((((R)-quinuclidin-3-yloxy)carbonyl)amino)-methyl)phe-
noxy )methyl)benzoyl)piperidine-4-carboxylate i Step 12
and the subsequent product used 1n Step 13.

'"H NMR (400 MHz, DMSO-d,.): & 8.27 (s, 2H); 8.20 (d,
J=9.9 Hz, 1H); 7.94 (d, J=7.9 Hz, 2H); 7.61-7.50 (m, 3H);
7.32-7.29 (m, 4H); 7.28-7.19 (m, 2H); 7.08 (d, J=8.1 Hz,
1H); 7.04-6.99 (m, 1H); 6.98-6.88 (m, 3H); 6.47 (d, J=9.9
Hz, 1H); 5.85-5.79 (m, 1H); 5.17 (s, 2H); 5.04-4.99 (m, 1H);
4.63-4.56 (m, 1H); 4.46-4.34 (m, 2H); 3.70-3.61 (m, 2H);
3.43-3.35 (m, 2H); 3.08-3.03 (m, 1H); 2.82-2.55 (m, 9H);
2.01 (s, 3H); 1.93-1.84 (m, 1H); 1.75-1.58 (m, 4H); 1.52-
1.42 (m, 1H); 1.36-1.23 (m, 1H).

The following compounds were prepared as described 1n

Example 5 with the appropriate alcohol mm Step 1 and
acylating agent 1n Step 4.

Appropriate Acylating
Cpd. alcohol agent
27
N 0
Cl
28
N 0
S
~"on A
Cl
29
H
NaoSVH O
Cl
30

31
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Example 6

Trans-4-(((R)-2-hydroxy-2-(8-hydroxy-2-0x0-1,2-

dihydroquinolin-5-yl)ethyl-amino)butyl 4-((3-((S)-

phenyl(({((R)-quinuclidin-3-yloxy)carbonyl)amino)

methyl)-phenoxy )methyl)cyclohexanecarboxylate
(Compound 33)

Step 1: Trans-4-(((tert-butyldimethylsilyl)oxy)
: ) 40
methyl)cyclohexanecarboxylic acid
‘ 45
_‘.&“\O/ Si\
HO
50

O

To a stirred solution of trans-4-(1-hydroxymethyl)-cyclo-

hexanecarboxylic acid (1.00 g, 6.32 mmol) and 2,6-lutidine
(2.95 mL, 25.29 mmol) in DCM (61 mL) was added drop

wise tert-butyldimethylsilyl triflate (4.36 mL, 18.96 mmol).
The reaction mixture was stirred at RT for 1.5 hours. The

reaction mixture was quenched with water and the organic
phase removed. The aqueous phase was extracted with
turther DCM (x2). The combined organic extracts were
combined and washed with brine, dried (magnesium sul-
tate), filtered and the solvent evaporated at reduced pressure.
The residue was dissolved in THF (30 mL) and methanol (90
ml.) and 10% aqueous potassium carbonate (30 mL) added.
The reaction mixture was stirred at RT for 2 hours. The
solvent was evaporated at reduced pressure and the residue

55

60

65
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15 partitioned between water and ether. The organic phase was

discarded. The aqueous phase was washed with further ether
(x2). The pH of the aqueous extract was adjusted to 5 and
extracted with ethyl acetate (x3). The combined ethyl
acetate extracts were washed with brine, dried (magnesium
sulfate), filtered and the solvent evaporated at reduced
Tord the title compound (1.59 g, 93%).

@

pressure 1o a

\
/

'H NMR (400 MHz, CDCL,): & 3.37 (d, J=6.2 Hz, 2H);
2.27-2.17 (m, 1H); 2.00 (d, J=11.3 Hz, 2H); 1.81 (dd,
J=13.2,3.7 Hz, 2H); 1.50-1.33 (m, 3H); 1.04-0.72 (m, 11H);
~0.00 (t, J=3.1 Hz, 6H).

Step 2: Trans-3-(1,3-Dioxolan-2-yl)propyl 4-(((tert-
butyldimethylsilyl)oxy)-methyl)cyclohexanecar-
boxylate
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The title compound was prepared as described in Example
1 Step 9 with trans-4-(((tert-butyldimethylsilyl)oxy)methyl)
cyclohexanecarboxylic acid replacing piperidine-4-carbox-

ylic acid N-tert-butoxycarbonyl.

'"H NMR (400 MHz, CDCL,): 6 4.91-4.87 (m, 1H);
4.15-4.07 (m, 2H); 3.99-3.82 (m, 4H); 3.40 (d, J=6.2 Hz,
2H); 2.26-2.16 (m, 1H); 1.99 (d, J=13.1 Hz, 2H); 1.84-1.67
(m, 6H); 1.49-1.34 (m, 3H); 1.06-0.80 (m, 11H); 0.00 (s,
6H).

Step 3: Trans-3-(1,3-Dioxolan-2-yl)propyl
4-(hydroxymethyl)cyclohexanecarboxylate

t"-“\
<\O “Non
/J\/\/O
O

O

The title compound was prepared as described 1n Example
S Step 5 with trans-3-(1,3-dioxolan-2-yl)propyl 4-(((tert-
butyldimethylsilyl)oxy)methyl)-cyclohexanecarboxylate
replacing  N-(2-(1,3-dioxolan-2-yl)ethyl)-N-(2-((tert-bu-
tyldimethylsilyl)oxy)ethyl)acetamide.

'H NMR (400 MHz, CDCL,): 8 4.91-4.87 (m, 1H);
4.14-4.07 (m, 2H); 4.01-3.81 (m, 4H); 3.50-3.43 (m, 2H);
2.29-2.19 (m, 1H); 2.06-1.98 (m, 2H); 1.87 (dd, J=13.1, 3.7
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Hz, 2H); 1.80-1.69 (m, 3H); 1.53-1.39 (m, 3H); 1.29-1.21 40

(m, 2H); 1.06-0.90 (m, 2H).

o
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Step 4: Trans-3-(1,3-Dioxolan-2-yl)propyl 4-((tosy-
loxy)methyl)cyclohexanecarboxylate

To an ice-cooled solution of trans-3-(1,3-dioxolan-2-yl)

propyl 4-(hydroxymethyl)cyclohexanecarboxylate (0.306 g,

1

sul

.13 mmol) 1n pyridine (0.9 mL) was added para-toluene-

fonyl chloride (0.236 g, 1.24 mmol). The reaction mix-

ture was stirred at this temperature for 1 hour and the coolant

removed. The reaction mixture was stirred at RT for 18

hours. The reaction mixture was diluted with ethyl acetate

and washed with water, brine, dried (magnesium sulfate),

filtered and the solvent evaporated at reduced pressure. The

residue was used directly without purification.

O M

Step 5: Trans-3-(1,3-Dioxolan-2-yl)propyl 4-((3-

((S)-phenyl(({((R)-quinuclidin-3-yloxy)carbonyl)

amino)methyl )phenoxy)methyl)cyclohexanecar-
boxylate
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The title compound was prepared as described in Example
1 Step 5, Step 6 and Step 7 with trans-3-(1,3-dioxolan-2-
yD)propyl 4-((tosyloxy)methyl)-cyclohexanecarboxylate
replacing methyl 4-(bromomethyl)benzoate 1n Step 6 and
the subsequent products used 1n Step 6 and Step 7.

Step 6: Trans-4-(((R)-2-Hydroxy-2-(8-hydroxy-2-
0x0-1,2-dihydroquinolin-5-yl)ethyl)-amino)butyl
4-((3-((S)-phenyl(({((R)-quinuclidin-3-yloxy)carbo-
nyl)amino)methyl)-phenoxy )methyl)cyclohexanecar-
boxylate (Compound 33)

The title compound was prepared as described in Example
1 Step 12 and Step 13 with trans-3-(1,3-dioxolan-2-yl)
propyl  4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy-carbo-
nyl)amino )methyl)phenoxy )methyl)cyclohexanecarboxy-

106

late replacing 3-(1,3-dioxolan-2-yl)propyl 1-(4-((3-((S)-

phenvl(({((R)-quinuclidin-3-yloxy)carbonyl)-amino )methyl)

phenoxy)methyl)benzoyl)piperidine-4-carboxylate 1 Step

12 and the subsequent product used 1n Step 13.
d 'H NMR (400 MHz, DMSO-d,): 6 8.28-8.16 (m, 4H);
7.36-7.28 (m, 4H); 7.25-7.18 (m, 2H); 7.09 (d, J=8.2 Hz,
1H); 6.96-6.87 (m, 3H); 6.81-6.77 (m, 1H); 6.533 (d, J=9.9
Hz, 1H); 5.81 (d, J=9.0 Hz, 1H); 5.13 (t, J=6.3 Hz, 1H);
4.61-4.55 (m, 1H); 4.02 (t, J=6.1 Hz, 2H); 3.74 (d, J=6.3 Hz,
2H); 3.16-3.06 (m, 1H); 2.84-2.54 (m, 9H); 2.30-2.21 (m,
1H); 1.97-1.27 (m, 16H); 1.14-1.02 (m, 2H).

The following compounds were prepared as described 1n
Example 6 except that trans-4-(((tert-butyldimethylsilyl)

oxy )methyl)cyclohexanecarboxylic acid was coupled to the
required amine using the method of Example 1 Step 11.

10

Cpd. Appropriate amine Structure
33A
A O ®
OJ\/\TH N Z §
| :
"Iff/o NJ\O\\" N
338
A O ®
.-,f!fO\O/I\N)I\O\\ N
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Example 7
45 2-(3-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-0xo-1,2-
dihydroquinolin-3-yl)ethyl)amino)methyl)phenyl)-1-
methylureido)ethyl 4-((3-((S)-phenyl((((R)-quinucli-
din-3-yloxy)carbonyl)amino)methyl)phenoxy)
methyl)benzoate (Compound 34)
N_ O
‘ \ /\O \I( ffn:,@
HO O O
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Step 1: Methyl
4-(3-(2-hydroxyethyl)-3-methylureido)benzoate

O
\O)J\/\‘

O
\/\NJ\N/\/OH

S

To an 1ce-cooled solution of N-methylethanolamine
(0.600 g, 7.99 mmol) in DCM (80 mL) was added methyl
4-1socyanatobenzoate (1.56 g, 8.79 mmol). After 20 minutes
the coolant was removed and the reaction mixture was
stirred for 2 hours. The solvent was evaporated at reduced
pressure and the residue was purified by flash column
chromatography eluting with 0 to 100% ethyl acetate/1so-
hexane to aflord the title compound (2.26 g, 112%).

'"H NMR (400 MHz, CDCL,): 8 8.74 (s, 1H); 7.89 (m,
2H): 7.50 (m, 2H); 5.02 (m, 1H); 3.80 (s, 3H); 3.59 (m, 2H);
3.44 (m, 2H); 3.00 (s, 3H).

Step 2: 1-(2-Hydroxyethyl)-3-(4-(hydroxymethyl)
phenyl)-1-methylurea

E)’I\T/\/OH

O/\/\‘
A

To a cooled (-78° C.) solution of methyl 4-(3-(2-hydroxy-
cthyl)-3-methylureido)benzoate (2.02 g, 8.00 mmol) in THF
(80 mL) was added a solution of lithium aluminium hydride
(2.0 M solution in THF, 6.0 mL, 12.0 mmol). After 20
minutes the coolant was removed and the reaction mixture

stirred at RT for 18 h. The reaction mixture was quenched
with water (0.46 mL), 2 M aqueous sodium hydroxide (0.46

ml.) and water (3x0.46 mL). The mixture was diluted with 60

cthyl acetate and magnesium sulfate added. The mixture

stirred for 1 hour and then filtered. The filtrate was evapo-
rated at reduced pressure and the residue was purified by
flash column chromatography eluting with O to 100% ethyl
acetate/1so-hexane to aflord the title compound (1.09 g,
60%).
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'"H NMR (400 MHz, DMSO-d,): & 8.30 (s, 1H); 7.36 (d.
J=8.3 Hz, 2H); 7.16 (d, J=8.2 Hz, 2H); 5.05-4.94 (m, 2H);
4.40 (d, J=5.6 Hz, 2H); 3.56 (dd, J=10.5, 5.3 Hz, 2H); 2.95
(s, 3H).

Step 3: 3-(4-Formylphenyl)-1-(2-hydroxyethyl)-1-
methylurea

07 NN\

= ‘ O
\/\NJ\N/\/OH

S

To a solution of 1-(2-hydroxyethyl)-3-(4-(hydroxym-
cthyl)phenyl)-1-methylurea (0.50 g, 2.23 mmol) in DCM
(30 mL) was added manganese (IV) oxide (0.78 g, 8.92
mmol). The reaction mixture was stirred at RT for 3 hours.
The suspension was filtered through celite and the filter pad
washed with further DCM. The filtrate was evaporated at
reduced pressure to aflord the title compound (0.23 g, 49%).

"H NMR (400 MHz, DMSO-d.): 6 9.82 (s, 1H); 8.86 (s,
1H); 7.82-7.75 (m, 2H); 7.66 (d, J=8.5 Hz, 2H); 5.03 (d,
J=3.8 Hz, 1H); 3.61-3.55 (m, 2H); 3.45-3.37 (m, 2H); 2.99
(s, 3H).

Step 4: 2-(3-(4-Formylphenyl)-1-methylureido)ethyl
4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)carbo-
nyl)amino)methyl)phenoxy )methyl)benzoate

RN

\/\0/ \/‘ ﬁ\lrof”n. @
‘ F O N

The title compound was prepared as described 1n Example
1 Step 11 with 3-(4-formylphenyl)-1-(2-hydroxyethyl)-1-
methylurea replacing 3-(1,3-dioxolan-2-yl)propyl piperi-
dine-4-carboxylate hydrochloride.

Step 5: 2-(3-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-
0x0-1,2-dihydroquinolin-5-yl)ethyl)-amino)methyl)
phenyl)-1-methylureido)ethyl 4-((3-((S)-phenyl
((((R)-quinuclidin-3-yloxy)carbonyl)amino)methyl)
phenoxy)methyl)benzoate (Compound 34)

The title compound was prepared as described 1n Example
1 Step 13 with 2-(3-(4-formylphenyl)-1-methylureido)ethyl
4-((3-((S)-phenyl({(((R)-quinuclidin-3-yloxy)-carbonyl)
amino)methyl)phenoxy)methyl )benzoate replacing
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4-oxobutyl 1-(4-((3-((S)-phenyl(({{R)-quinuclidin-3-yloxy) Hz, 1H); 5.82 (d, J=8.82 Hz, 1H); 5.15 (s, 2H); 5.07 (dd,
carbonyl)amino )methyl)phenoxy)methyl)-benzoyl )piperi- 1=7.96, 445 Hz, 1H); 4.57 (s, 1H); 4.45-4.39 (m, 2H);
dine-4-carboxylate. 3.76-3.69 (m, 4H); 3.16-3.05 (m, 1H); 3.04 (s, 3H); 2.77-

"H NMR (400 MHz, DMSO-d,): 8 10.28 (br s, 1H); 8.28 2.61 (m, 6H); 2.36-2.32 (m, 1H); 1.94-1.75 (m, 2H); 1.62-
(s, 1H); 8.23 (s, 2H); 8.09 (d, J=9.95 Hz, 1H); 7.96 (d, 5 1.31 (m, 4H).
J=8.04 Hz, 2H); 7.52 (d, J=7.99 Hz, 2H); 7.39-7.13 (m, The following compounds were prepared as described 1n
10H); 7.09-7.00 (m, 2H); 6.97-6.83 (m, 3H); 6.4/ (d, J=9.88 Example 7 with the appropriate amine in Step 1.

Cpd. Appropriate amine Structure
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Cpd. Appropriate amine Structure
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The following compounds were prepared as described in 1> able alcohol replacing N-ethyl-4-formyl-N-(2-hydroxy-

Example 2 Step 3 and Step 4 with the commercially avail- cthyl)benzamide 1n Step 2.

Commercially available
Cpd. alcohol Structure

N
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Commercially available
Cpd. alcohol

44 HO
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Example 8

2-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-oxo0-1,2-di-
hydroquinolin-5-yl)ethyl)-amino)methyl)-N-methyl-
phenylsulfonamido)ethyl 4-((3-((S)-phenyl{{{((R)-
quinuclidin-3-yloxy)carbonyl)amino )methyl )
phenoxy )methyl)benzoate (Compound 45)

Step 1: 4-Formyl-N-(2-hydroxyethyl)-N-methylben-

zenesultfonamide
) /OH
/ N1/
I =TI

To an ice-cooled solution of 2-(methylamino)ethanol
(0.196 mL, 2.44 mmol) and triethylamine (0.407 mL, 2.93

mmol) 1n DCM (10 mL) was added 4-formylbenzenesulio-
nyl chloride (0.500 g, 2.44 mmol). The reaction mixture was
warmed slowly to RT and stirred at RT for 80 hours. The
reaction mixture was diluted with DCM and was washed

L

Structure

oo

15

50 with 10% aqueous potassium hydrogen sulfate and dried
(magnestum sulfate). The mixture filtered and the solvent

evaporated at reduced pressure to afford the title compound
(0.548 g, 92%).

ss  'HNMR (400 MHz, CDCL,): 8 10.12 (s, 1H); 8.09-8.04
(m, 2H); 8.00-7.97 (m, 2H); 3.82-3.78 (m, 2H); 3.24 (t.
J=5.2 Hz, 2H); 2.90 (s, 3H); 1.93 (t, J=5.2 Hz, 1H).

Step 2: 2-(4-((((R)-2-hydroxy-2-(8-hydroxy-2-0xo-

- 1,2-dihydroquinolin-5-yl)ethyl)-amino )methyl)-N-
methylphenylsulfonamido)ethyl 4-((3-((S)-phenyl
((((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)
phenoxy)methyl)benzoate (Compound 45)
63

The title compound was prepared as described 1n Example
2 Step 3 and Step 4 with 4-formyl-N-(2-hydroxyethyl)-N-
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methylbenzenesulionamide replacing N-ethyl-4-formyl-N-
(2-hydroxyethyl)benzamide 1n Step 3 and the subsequent
product used 1n Step 4.

Example 9

2-(4-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-0xo0-1,2-
dihydroquinolin-3-yl)ethyl)amino)methyl )benzyl)
piperazin-1-ylethyl 4-((3-((S)-phenyl((((R)-quinu-
clidin-3-yloxy)carbonyl))amino )methyl)phenoxy)
methyl)benzoate (Compound 46)

Step 1: 4-((4-(2-Hydroxyethyl)piperazin-1-yl)
methyl)benzaldehyde

\

O

To a solution of 4-(dimethoxymethyl)benzaldehyde (2.08
g 10.0 mmol) 1 methanol (30 mL) was added 1-(2-
hydroxvyethyl)piperidine (1.02 mL, 8.31 mmol). The reac-
tion mixture was stirred at RT for 30 minutes and then
sodium triacetoxyborohydrnide (2.97 g, 14.0 mmol) added.
The reaction mixture was stirred at RT for 16 hours. The
reaction mixture was diluted with ethyl acetate and washed
with 10% aqueous potassium carbonate, water and brine.

10

116

The organic phase was dried (magnesium sulfate), filtered
and the solvent evaporated at reduced pressure. The residue
was loaded onto an SCX-2 cartridge and the column was

cluted with ethanol (5 column volumes) followed by 10%
triethylamine 1n ethanol (5 column volumes). Product con-
taining fractions were combined and the solvent evaporated
at reduced pressure. The resultant residue was dissolved 1n
THF (20 mL) and 2 M aqueous hydrochloric acid (20 mL)
added. The reaction mixture was stirred at RT for 18 hours.
To the reaction mixture was added 10% aqueous potassium
carbonate and the mixture extracted with DCM. The organic

45

50

55

60

65

phase was passed through a hydrophobic frit and the solvent
evaporated to aflord the title compound (1.28 g, 48%).

'H NMR (400 MHz, CDCL,): & 10.0 (s, 1H); 7.85-7.83
(m, 2H); 7.52 (d, J=8.8 Hz, 2H); 3.62-3.56 (m, 4H); 2.75-
2.50 (m, 10H); 1.43 (br s, 1H).

Step 2: 2-(4-(4-((((R)-2-Hydroxy-2-(8-hydroxy-2-
0x0-1,2-dihydroquinolin-5-yl)ethyl)-amino)methyl)
benzyl)piperazin-1-yl)ethyl 4-((3-((S)-phenyI({({((R)-

quinuclidin-3-yloxy)carbonyl)amino )methyl)
phenoxy)methyl)benzoate (Compound 46)

The title compound was prepared as described in Example
2 Step 3 and Step 4 with 4-((4-(2-hydroxyethyl)piperazin-
1-yl)methyl)benzaldehyde replacing N-ethyl-4-formyl-IN-
(2-hydroxyethyl)benzamide 1n Step 3 and the subsequent
product used in Step 4.

The following compound was prepared as described 1n
Example 9 Step 1 and Step 2 with the appropriate amino-
alcohol replacing 1-(2-hydroxyethyl)piperidine 1 Step 1.
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Example 10

(R)-Quinuclidin-3-yl ((S)-(3-((4-(benzyl(3-(((R)-2-
hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
yDethyl)amino)propyl)carbamoyl)benzyl)oxy )phe-
nyl)-(phenyl)methyl)carbamate (Compound 48)

Step 1: N-Benzyl-2-(1,3-dioxolan-2-yl)ethanamine

To a mixture of benzylamine (2.18 mL, 20.0 mmol) and
di-1so-propylethylamine (2.61 mL, 15.0 mmol) in acetoni-
trile (30 mL) was added 2-(2-bromoethyl)-1,3-dioxolane
(1.17 mL, 10.0 mmol). The reaction mixture was stirred at
room temperature for 72 hours. The reaction mixture was

diluted with ethyl acetate and washed with water and brine.

The organic phase was dried (magnesium sulfate), filtered
and the solvent evaporated at reduced pressure. The residue

was purified by flash column chromatography eluting with O

to 4% methanol/dichloromethane to afford the title com-
pound (0.836 g, 40%).

'H NMR (400 MHz, CDCL,): & 7.52-7.22 (m, 5H):
4.95-4.88 (m, 1H); 3.96-3.79 (m, 7H); 2.80-2.76 (m, 2H):
1.93-1.88 (m, 2H).

122
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Step 2: (R)-Quinuchidin-3-y1 ((S)-(3-((4-((2-(1,3-
dioxolan-2-yl)ethyl)(benzyl)-carbamoyl)benzyl)oxy)
phenyl)(phenyl)methyl)carbamate

N

0
f O
— NH

-~

O
o

Triethylamine (0.278 mL, 2.00 mmol) was added to a
solution of 4-((3-((S)-phenyl((((R)-quinuclidin-3-yloxy)car-
bonyl)amino)methyl)phenoxy)methyl)benzoic acid (0.418
g, 0.80 mmol) in DMF (2 mL). This mixture was stirred at
room temperature for 5 minutes and then 2-hydroxypyri-
dine-N-oxide (0.107 g, 0.96 mmol) and EDC (0.184 g, 0.96
mmol) and the mixture stirred for a further 10 minutes. A
solution of N-benzyl-2-(1,3-dioxolan-2-yl)ethanamine
(0.331 g, 1.6 mmol) in DMF (2 mL) was added. The reaction
mixture was heated at 40° C. for 4 hours followed by stirring
at room temperature for 48 hours. The reaction mixture was
diluted with ethyl acetate and washed with 10% aqueous
potassium carbonate and twice with brine. The organic
phase was dried (magnesium sulfate), filtered and the sol-
vent evaporated at reduced pressure. The residue was puri-
fied by flash column chromatography eluting with 100%
cthyl acetate to 8% methanolic ammonia/ethyl acetate to
aflord the title compound (0.471 g, 87%). The material was

used 1n the next step with no further characterisation.
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Step 3: (R)-Quinuclidin-3-y1 ((S)-(3-((4-(benzyl(3-
(((R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydro-
quinolin-3-yl)ethyl)amino )propyl)carbamoyl)benzyl)
oxy )phenyl)-(phenyl )methyl)carbamate

OH

The title compound was prepared as described 1n Example
1 Step 12 and Step 13 with (R)-quinuclidin-3-y1 ((S)-(3-((4-
((2-(1,3-dioxolan-2-yl)ethyl)(benzyl)carbamoyl)-benzyl)
oxy)phenyl)(phenyl)methyl)carbamate replacing 3-(1,3-di-
oxolan-2-yl)propyl 1-(4-((3-((S)-phenyl({((R)-quinuclidin-
3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)-benzoyl)
piperidine-4-carboxylate in Step 12 and the subsequent
product used 1n Step 13.

"HNMR (400 MHz, DMSO-d,, 105° C.): 6 8.21-8.15 (m,
3H); 7.38 (s, 1H); 7.46 (d, J=7.9 Hz, 2H); 7.41-7.29 (m, 7H);

Cpd. Appropriate amine

49

NH,

124

35 77.29-7.20 (m, 6H); 7.07-7.00 (m, 2H); 6.97-6.85 (m, 3H);

40

6.47 (d,J=9.9 Hz, 1H); 5.83 (d, J=7.2 Hz, 1H); 5.11 (s, 2H);
4.98 (dd, J=7.7, 4.9 Hz, 1H); 4.66-4.58 (m, 3H); 3.40-3.25
(m, 2H); 3.08 (dd, J=14.4, 8.3 Hz, 1H); 2.78-2.56 (m, 9H);
1.93-1.89 (m, 1H); 1.81-1.70 (m, 1H); 1.70-1.56 (m, 3H);
1.53-1.44 (m, 1H); 1.36-1.27 (m, 1H).

The following compounds were prepared as described 1n
Example 10 with the appropriate amine replacing benzylam-
ine 1 Step 1 and the subsequent products used 1n Step 2 and

Step 3.

Structure
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Cpd. Appropriate amine Structure
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The following compounds were prepared as described in
Example 10 with the appropriate acid replacing 4-((3-((S)- #
phenv](({((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)
phenoxy )methyl)benzoic acid 1n Step 2 and the subsequent
products used 1n Step 3.

Cpd. Structure

48A

HO

126

]
\/
N
a
N

Appropriate acid

0 HN &—q
HN _\—\ O \NH R
. 3 HO 3
balla 20 SNI%s K =2 N0




US 9,453,013 B2

-continued
Cpd. Structure Appropriate acid
488
HO O
— HO
O HN
HN _\—\ O

N

o O )

-
: 25
Synthesis of Compounds 52 to 68
|\O 1) Boc,O, DCM
/\)\/ 11) NaH, DMF
O
H,N ™~ Br
O
N
i11) HCI Dioxane
O
e Y
‘ L EDC, HOPO, NEtz
F N .




US 9,453,013 B2
129 130

-continued N
ax @ M
e
My }>W\> =
W,
\0
/

) . ©

\_.—NH

A\ \_>_</;\> /O%_\> f\/

/O{g

5
5
T e,
_ > &%
O
. T
oz
s
oy

7200 §§>
e
O a
YO =
i,
— )
//\> \,

&\




US 9,453,013 B2

131

Example 11

(R)-Quinuclidin-3-y1((S)-(3-((4-((3-(((R)-2-hydroxy-
2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)ethyl)
amino )propyl)(3-methoxybenzyl)carbamoyl)benzyl)-
oxy )phenyl)(phenyl)methyl)carbamate (Compound
52)

N

Step 1: tert-Butyl (3,3-diethoxypropyl)carbamate

N0 NH
3

/0

A solution of di-tert-butyl dicarbonate (6.74 g, 31.0
mmol) i DCM (50 mL) was added to a solution of 1-amino-
3,3-diethoxypropane (5.0 g, 34.0 mmol) 1n DCM (50 mL).
The reaction mixture was stirred at room temperature for 2
hours. The reaction mixture was washed with 10% aqueous
potassium hydrogen sulfate and the organic phase dried
(magnesium sulfate), filtered and the solvent evaporated at
reduced pressure to atford the title product (8.13 g, 100%).

'H NMR (400 MHz, CDCL,): & 5.00 (s, 1H), 4.56-4.53
(m, 1H); 3.69-3.62 (m, 2H); 3.54-3.46 (m, 2H); 3.24-3.20
(m, 2H); 1.84-1.80 (m, 2H); 1.49 (s, 9H); 1.23-1.19 (m, 6H).

5
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Step 2: 2-(1,3-Dioxolan-2-y1)-N-(3-methoxybenzyl)
cthanamine

o

O

O

/

To a stirred solution of tert-butyl (3,3-diethoxypropyl)
carbamate (1.0 g, 4.05 mmol) 1n DMF (15 mL) was added
sodium hydnide (0.25 g, 6.25 mmol). The reaction mixture
was stirred at room temperature for 30 minutes and
3-methoxybenzyl bromide (0.875 mL, 6.25 mmol) added.
The reaction mixture was stirred at room temperature for 72
hours. The reaction mixture was diluted with ethyl acetate
and washed with water and twice with brine. The organic
phase was dried (magnesium sulfate), filtered and the sol-
vent evaporated at reduced pressure. The residue was dis-
solved 1n ethanol (10 mL) and 4M hydrogen chloride 1n
dioxane (10 mL) added. The reaction mixture was stirred at
room temperature for 2 hours and the solvent evaporated at
reduced pressure. The residue was loaded onto an SCX-2
cartridge and eluted with ethanol (4 column volumes) and
then 10% triethylamine/ethanol (4 column volumes). The
product containing fractions were combined and the solvent
evaporated at reduced pressure to aflord the title compound
(0.543 g, 50%).

'H NMR (400 MHz, CDCl,): 8 7.25-7.21 (m, 1H);
6.90-6.80 (mm, 2H); 6.78-6.77 (m, 1H); 4.60 (1, J=5.6 Hz,
1H); 3.81 (s, 3H); 3.76 (s, 2H); 3.55-3.43 (m 2H); 2.72 (X,
J=6.8 Hz, 2H); 1.87-1.79 (m, 2H); 1.50 (s, 1H); 1.29-1.09
(m, 6H).
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Step 3: (R)-Quinuclidin-3-y1 ((S)-(3-((4-((2-(1,3-
dioxolan-2-yl)ethyl)(3-methoxybenzyl)carbamoyl)
benzyl)oxy)phenyl)(phenyl )methyl)carbamate

NH

a
~

-0
o

/

The title compound was prepared as described in Example 20

10 Step 2 with 2-(1,3-dioxolan-2-y1)-N-(3-methoxybenzyl)
cthanamine replacing N-benzyl-2-(1,3-dioxolan-2-yl)ethan-
amine.

Step 4: (R)-Quinuclidin-3-yl ((8)-(3-((4-((3-(((R)-2-
hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-
ylethyl)amino)propyl)(3-methoxybenzyl)carbam-
oyl)benzyl)-oxy)phenyl)(phenyl)methyl)carbamate

NH OH

N
5
O
yos
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The title compound was prepared as described in Example
1 Step 12 and Step 13 with (R)-quinuclidin-3-y1 ((S)-(3-((4-
((2-(1,3-dioxolan-2-yl)ethyl)(3-methoxybenzyl)-carbam-
oyl)benzyl)oxy)phenyl)(phenyl)methyl)carbamate replac-
ing 3-(1,3-dioxolan-2-yl)propyl 1-(4-((3-((S)-phenyl((({(R)-
quinuclidin-3-yloxy)carbonyl)amino )methyl)-phenoxy)

methyl)benzoyl)piperidine-4-carboxylate in Step 12 and the
subsequent product used 1n Step 13.

'H NMR (400 MHz, DMSO-d, 85° C.): 8 8.23-8.13 (m,
3H); 7.72 (s, 1H); 7.47 (d, 1=7.9 Hz, 2H); 7.39 (d, J=7.9 Hz,
2H); 7.33-7.18 (m, 7H); 7.07-7.01 (m, 2H); 6.96-6.80 (m,
6H); 6.47 (d, J=9.9 Hz, 1H); 5.82 (d, J=8.1 Hz, 1H); 5.10 (s,
2H); 5.00-4.94 (m, 1H); 4.63-4.55 (m, 3H); 3.76 (s, 3H):
3.38-3.28 (m, 2H); 3.08 (m, 1H); 2.74-2.47 (m, 9H); 1.90 (s,
1H); 1.73-1.54 (m, 4H); 1.52-1.43 (m, 1H); 1.31 (t, J=10.8
Hz, 1H).

The following compounds were prepared as described 1n
Example 11 with the appropriate benzyl halide replacing
3-methoxybenzyl bromide in Step 2 and the subsequent

products used 1n Steps 3-4.
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Cpd. Appropriate benzyl halide
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Cpd. Appropriate benzyl halide
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Cpd. Appropriate benzyl halide
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Example 12

(R)-Quinuclidin-3-y1l ((S)-(3-((4-(cyclopentyl(3-
(((R)-2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydro-
quinolin-3-yl)ethyl)amino ))propyl)carbamoyl)ben- 30

zyl)-oxy)phenyl)(phenyl)methyl)carbamate
(Compound 69)
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Step 1:
N-(2-(1,3-dioxolan-2-yl)ethyl)cyclopentanamine

%
)

To a suspension of N-benzylcyclopentanamine hydro-
chloride (0.986 g, 4.66 mmol) 1n acetonitrile (10 mL) was
added di-1so-propylethylamine (2.0 mL, 11.5 mmol) and the

mixture stirred at room temperature for 10 minutes. A
solution of 2-(2-bromoethyl)-1,3-dioxolane (1.01 g, 5.38
mmol) in acetonitrile (5 mL) was added and the mixture
heated at 80° C. for 48 hours. The reaction mixture was
diluted with DCM and was washed with water, dried (mag-
nesium sulfate), filtered and the solvent evaporated at
reduced pressure. The residue was loaded onto an SCX-2
cartridge and eluted with acetonitrile (4 column volumes)
and then 10% triethylamine/acetonitrile (4 column vol-
umes). The product containing fractions were combined and
the solvent evaporated at reduced pressure. The residue was
dissolved in ethanol (10 mL) and 10% palladium on char-
coal (0.90 g) added. The mixture was stirred at room
temperature for 5 minutes and then 1-methyl-1.,4-cyclohexa-
diene (1.9 mL, 16.9 mmol) added. The reaction mixture
heated to reflux and then the reaction mixture stirred under
reflux for 1 hour. The reaction mixture allowed to cool and
the suspension filtered. The filtrate was evaporated at
reduced pressure to aflord the title compound (0.249 g,
40%).

'H NMR (400 MHz, CDCL,): & 4.96-4.90 (m, 1H);
4.01-3.92 (m, 2H); 3.89-3.80 (m, 2H); 3.12-3.01 (m, 1H);
2.81-2.72 (m, 2H); 1.99-1.81 (m, 5H); 1.75-1.47 (m, 4H);
1.39-1.26 (m, 2H).

Cpd. Appropriate amine
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Step 2: (R)-Quinuchidin-3-y1 ((S)-(3-((4-((2-(1,3-
dioxolan-2-yl)ethyl)(cyclopentyl)-carbamoyl)benzyl )
oxy)phenyl)(phenyl)methyl ))carbamate

N

0O
-
— NH

-

O

The title compound was prepared as described 1n Example
10 Step 2 with 2-(1,3-dioxolan-2-y1)-N-(3-methoxybenzyl)
cthanamine replacing N-(2-(1,3-dioxolan-2-yl)ethyl)cyclo-
pentanamine.

Step 3: (R)-Quinuclidin-3-yl ((S)-(3-((4-(cyclopen-
tyl(3-(({(R)-2-hydroxy-2-(8-hydroxy-2-oxo0-1,2-dihy-
droquinolin-5-yl)ethyl)amino )propyl)carbamoyl)
benzyl)oxy)-phenyl)(phenyl )methyl)carbamate
(Compound 69)

The title compound was prepared as described in Example
1 Step 12 and Step 13 with (R)-quinuclidin-3-y1 ((S)-(3-((4-
((2-(1,3-dioxolan-2-yl)ethyl)(cyclopentyl)-carbamoyl)ben-
zyl)oxy)phenyl)(phenyl)methyl)carbamate replacing 3-(1,3-
dioxolan-2-yl)propyl 1-(4-((3-((S)-phenyl((({R)-
quinuclidin-3-yloxy)carbonyl)amino )methyl)-phenoxy)
methyl)benzoyl)piperidine-4-carboxylate 1n Step 12 and the
subsequent product used 1n Step 13.

'"H NMR (400 MHz, DMSO-d,, @ 110° C.): § 8.25-8.12
(m, 3H); 7.533 (s, 1H); 7.46 (d, J=7.9 Hz, 2H); 7.32 (d, J=5.8
Hz, 6H); 7.28-7.20 (m, 2H); 7.09 (d, J=8.1 Hz, 1H); 7.04 (s,
1H); 6.98-6.86 (m, 3H); 6.48 (d, J=9.9 Hz, 1H); 5.84 (d,
J=7.8 Hz, 1H); 3.11 (s, 2H); 5.06-4.99 (m, 1H); 4.65-4.60
(m, 1H); 4.05 (d, J=8.6 Hz, 1H); 3.32-3.21 (2H); 3.10 (dd,
I=14.4, 8.4 Hz, 1H); 2.82-2.53 (m, 9H); 1.91 (s, 1H);
1.78-1.56 (m, 11H); 1.49-1.43 (m, 2H); 1.32 (m, 1H).

The following compounds were prepared as described 1n
Example 12 with the appropriate amine replacing N-ben-
zylcyclopentanamine hydrochloride 1 Step 1 and the sub-
sequent products used in Steps 2-3.

Structure
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Example 13

(R)-Quinuclidin-3-y1 ((8)-(3-((1-(4-((((R)-2-hy-
droxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)
cthyl)amino )methyl)benzoyl)piperidin-4-yl)
methoxy)phenyl)-(phenyl)methyl)carbamate
(Compound 73)

0
= ‘ NN
OY\ o ( N K/\/O
N A NI
HO ‘ /

Step 1: (S)-Benzyl 4-((3-(((tert-butoxycarbonyl)
amino )(phenyl)methyl)-phenoxy )methyl)piperidine-

i @
(U0 Lk
108

To a mixture of (S)-tert-butyl ((3-hydroxyphenyl)(phenyl)
methyl)carbamate (8.0 g, 26.7 mmol) and cestum carbonate
(13.1 g, 37.4 mmol) in DMF (130 ml) was added 4-(toluene-
4-sulfonyloxymethyl)-piperidine-1-carboxylic acid benzyl
ester (12.94 g, 32.1 mmol). The resulting reaction mixture
was stirred at 50° C. for 17 hours. The reaction mixture was
diluted with water and extracted with ethyl acetate (x3). The
combined organic extracts were washed with brine (x3),
dried (magnesium sulfate), filtered and the solvent evapo-
rated at reduced pressure. The residue was purified by flash
column chromatography eluting with 0 to 50% ethyl acetate/
1so-hexane to afford the title compound (13.7 g, 93%).

'H NMR (400 MHz, CDCL): & 7.38-7.18 (m, 11H);
6.84-6.72 (m, 3H); 5.86 (s, 1H); 5.13 (s, 3H); 4.23 (s, 2H);
3.76 (d, 1=6.3 Hz, 2H); 2.82 (s, 2 ul); 1.99-1.88 (m, 1H);
1.82 (d, J=13.2 Hz, 2H); 1.44 (s, 9H); 1.26 (1, I=7.1 Hz, 2H).

Step 2: Benzyl 4-((3-((S)-phenyl((((R)-quinuclidin-
3-yloxy)carbonyl)amino)-methyl)phenoxy)methyl)
piperidine-1-carboxylate
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The title compound was prepared as described 1n Example
1 Step 6 and Step 7 with (S)-benzyl 4-((3-(((tert-butoxycar-
bonyl)amino )(phenyl)methyl)phenoxy)-methyl)piperidine-
1-carboxylate replacing (S)-methyl 4-((3-(((tert-butoxycar-
bonyl)-amino)(phenyl)methyl )phenoxy )methyl )benzoate in
Step 6 and the subsequent product used in Step 7.

Step 3: (R)-Quinuchidin-3-yl ((S)-phenyl(3-(piperi-
din-4-ylmethoxy)phenyl)methyl)-carbamate

)

{

HN

O @
0 : )‘\ N
N \ TI:II O\\"

F

To a solution of benzyl 4-((3-((5)-phenyl((((R)-quinucli-
din-3-yloxy)carbonyl)-amino)methyl )phenoxy )methyl )pip-
eridine-1-carboxylate (1.32 g, 2.26 mmol) 1n ethanol (100
ml.) was added palladium on charcoal (0.66 g) and stirred at
room temperature for 10 minutes. 1-Methyl-1.,4-cyclohexa-
diene (1.27 mL, 11.3 mmol) was added and the reaction
mixture heated to reflux. The reaction mixture was stirred
under retlux for 1 hour. The reaction mixture was allowed to

cool and the suspension filtered. The filtrate was evaporated

at reduced pressure to aflord the title compound (1.05 g,
100%).

'H NMR (400 MHz, DMSO-d,): 8 9.78 (s, 1H); 8.44 (d.,
1=9.4 Hz, 1H); 7.33 (d, J=4.5 Hz, 4H); 7.28-7.21 (m, 2H):
6.97 (d, 1=7.8 Hz, 1H); 6.90 (s, 1H); 6.83 (dd, ]=8.2, 2.4 Hz.
1H); 5.83 (d, J=9.1 Hz, 1H); 4.88-4.83 (m, 1H); 3.82 (d.
1=6.5 Hz, 3H); 3.35-3.06 (m, 6H); 2.90 (m, 2H); 2.23 (s,
1H); 2.12-1.64 (m, 5H); 1.52-1.37 (m, 2H).
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Step 4: (R)-Quinuclidin-3-y1((S)-(3-((1-(4-formy]-
benzoyl)piperidin-4-yl)methoxy )phenyl)(phenyl)
methyl)carbamate

The title compound was prepared as described in Example
1 Step 11 with (R)-quinuclhidin-3-yl ((S)-phenyl(3-(piperi-
din-4-ylmethoxy)phenyl)methyl)carbamate and 4-formyl
benzoic acid 3-(1,3-dioxolan-2-yvl)propyl piperidine-4-car-
boxylate hydrochloride and 4-((3-((S)-phenyl({(((R)-quinu-
clidin-3-yloxy)carbonyl))amino )methyl)phenoxy)methyl)
benzoic acid respectively.

'"H NMR (400 MHz, CDCL,): 8 10.08-10.03 (m, 1H);

7.97-7.90 (m, 2H); 7.56 (d, J=8.0 Hz, 2H); 7.35-7.20 (m,
7H); 6.84 (d, J=7.7 Hz, 1H); 6.79-6.72 (m, 2H); 5.86 (d,
J=7.7 Hz, 1H); 5.14 (s, 1H); 4.79 (d, J=12.9 Hz, 1H); 3.80
(s, 2H); 3.69 (d, J=13.3 Hz, 1H); 3.07 (s, 1H); 2.84 (s, 1H);
2.15-1.02 (m, 16H).
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Step 5: 13 (R)-Quinuclidin-3-yl ((S)-(3-((1-(4-
((((R)-2-hydroxy-2-(8-hydroxy-2-oxo-1,2-dihydro-
quinolin-3-yl)ethyl)amino )methyl)benzoyl)piperidin-
4-yl)methoxy)phenyl)-(phenyl)methyl)carbamate
(Compound 73)

The title compound was prepared as described 1n Example
1 Step 13 with (R)-quinuchdin-3-y1 ((S)-(3-((1-(4-formyl-
benzoyl)piperidin-4-yl ymethoxy )phenyl)-(phenyl )methyl)
carbamate replacing 1-(4-((3-((S)-phenyl(({((R)-quinuclidin-
3-yloxy)carbonyl)amino)methyl)phenoxy)methyl)benzoyl)
piperidine-4-carboxylate

'H NMR (400 MHz, DMSO-d,, 110° C.): 8 8.21-8.13 (m,
2H); 7.55 (d, J=9.0 Hz, 1H); 7.38-7.28 (m, 8H); 7.28-7.20
(m, 2H); 7.09 (d, J=8.1 Hz, 1H); 6.99-6.89 (m, 3H); 6.85-
6.80 (m, 1H); 6.46 (d, J=9.9 Hz, 1H); 5.83 (d, J=8.5 Hz, 1H):
5.08 (dd, J=7.6, 4.7 Hz, 1H); 4.67-4.61 (m, 1H); 4.05 (d.
J=13.2 Hz, 3H); 3.91-3.85 (m, 2H); 3.82 (s, 2H); 3.12 (dd,
J=14.4, 8.3 Hz, 1H); 3.01-2.92 (m, 2H); 2.91-2.52 (m, 5H);
2.09-2.01 (m, 1H); 1.95-1.91 (m, 1H); 1.83-1.75 (m, 3H);
1.69-1.59 (m, 1H); 1.56-1.46 (m, 1H); 1.38-1.24 (m, 4H).

The following compound was prepared as described 1n
Example 13 with the appropriate acid replacing 4-formyl
benzoic acid 1n Step 4 and the subsequent products used in
Step J.

Appropriate acid

OH

Example 14

(R)-Quinuclidin-3-yl ((S)-(3-((1-(4-(2-(((R)-2-hy-
droxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-yl)
cthyl)amino)ethyl)benzoyl)piperidin-4-yl )methoxy)
phenyl)(phenyl)methyl)carbamate (Compound 735)

/

O

T

O

\

N
H
AN

N



US 9,453,013 B2

157
Step 1: (R)-Quinuclidin-3-y1((S)-(3-((1-(4-((1,3-
dioxolan-2-yl)methyl)benzoyl)piperidin-4-yl)
methoxy)phenyl)(phenyl)methyl)carbamate

T O
1@TOA:@

The title compound was prepared as described in Example
1 Step 11 with (R)-quinuclhidin-3-yl ((S)-phenyl(3-(piperi-
din-4-ylmethoxy)phenyl)methyl)carbamate and 4-(1,3-di-
oxolan-2-ylmethyl)benzoic acid replacing 3-(1,3-dioxolan-
2-ylpropyl piperidine-4-carboxylate hydrochloride and
4-((3-((S)-phenyl((({R)-quinuclidin-3-yloxy)carbonyl)
amino )methyl)phenoxy)methyl )benzoic acid respectively.

Step 2: (R)-Quinuclidin-3-yl ((8)-(3-((1-(4-(2-(((R)-
2-hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-
S-yl)ethyl)amino )ethyl)benzoyl)piperidin-4-yl)
methoxy)-phenyl)(phenyl)methyl)carbamate
(Compound 75)

The title compound was prepared as described 1n Example
1 Step 12 and Step 13 with (R)-quinuclidin-3-v1((S)-(3-((1-

Cpd. Structure
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(4-((1,3-dioxolan-2-yl)methyl)benzoyl)piperidin-4-yl)
methoxy)phenyl)(phenyl)methyl)carbamate replacing 3-(1,
I-(4-((3-((S)-phenyl((((R)-
quinuclidin-3-yloxy)carbonyl )Jamino)methyl)phenoxy)-

3-dioxolan-2-yl)propyl

methyl)benzoyl)piperidine-4-carboxylate 1n Step 12 and the

product used 1n subsequent steps.

'H NMR (400 MHz, DMSO-d,., 110° C.): $8.19 (d, J=9.9
Hz, 1H); 7.83 (d, J=8.7 Hz, 1H); 7.38-7.29 (m, 7H); 7.30-
7.22 (m, 3H); 7.16 (d, J=8.2 Hz, 1H); 7.02 (d, J=8.1 Hz, 1H);
6.96-6.89 (m, 2H); 6.84 (dd, J=8.2, 2.5 Hz, 1H); 6.57 (d,
1=9.9 Hz, 1H); 5.84 (d, J=8.7 Hz, 1H); 5.37 (dd, J=7.9, 5.0
Hz, 1H); 4.96-4.91 (m, 1H); 4.05 (d, J=12.3 Hz, 2H); 3.88
(d, J=6.2 Hz, 2H); 3.66 (ddd, J=13.9, 8.4, 2.6 Hz, 1H);
3.36-2.90 (m, 11H); 2.28-2.24 (m, 1H); 2.08-1.77 (m, 8H);
1.37-1.27 (m, 3H).

The following compounds were prepared as described 1n
Example 14 with the appropnate acid replacing 4-(1,3-
dioxolan-2-ylmethyl)benzoic acid 1 Step 2 and the subse-

quent products used 1 Step 2.

Appropriate acid
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Example 15

(R)-Quinuchidin-3-y1 ((S)-(3-(2-(4-((((R)-2-hydroxy-
2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-5-yl)ethyl)
amino )methyl)phenoxy)ethoxy )phenyl)-(phenyl)
methyl)carbamate (Compound 78)

7z
e N
OH ‘/\/ ’
H
N\/\/
HO
o
O
Step 1: (S)-tert-Butyl ((3-(2-(4-formylphenoxy)
cthoxy)phenyl)(phenyl)methyl)carbamate
Z
|
e NN /NTO\/
v \‘ ?
‘/'\ /O \/
XN N

To a stirred solution of (S)-tert-butyl ((3-hydroxyphenyl)
(phenyl)methyl)-carbamate (1.76 g, 5.9 mmol) in DMF (10
ml.) was added cesium carbonate (4.0 g, 12.0 mmol). The
reaction mixture was then stirred at room temperature for 20
minutes. 4-(2-Bromoethoxy)benzenecarboxaldehyde (1.35
g, 5.9 mmol) was added and the reaction mixture was stirred
at room temperature for 5 hours. The reaction mixture was
diluted with water and extracted with ethyl acetate (x3). The
combined organic extracts were washed with brine (x3),

dried (magnesium sulfate), filtered and the solvent evapo-
rated at reduced pressure. The residue was purified by flash
column chromatography eluting with 0 to 50% ethyl acetate/
1so-hexane to aflord the title compound (1.6 g, 61%).

'H NMR (400 MHz, DMSO): 8 9.89 (s, 1H); 7.97-7.83
(m, 3H); 7.36-7.13 (m, 8H); 7.01-6.89 (m, 2H); 6.85 (dd.,
J=8.2,2.5 Hz, 1H); 5.80 (d, J=9.5 Hz, 1H); 4.44 (t, J=4.1 Hz,
2H); 4.35-4.28 (m, 2H); 1.40 (s, 9H).
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Step 2: (R)-Quinuchidin-3-y1 ((S)-(3-(2-(4-formyl-
phenoxy)ethoxy)phenyl)-(phenyl)methyl)carbamate

H
N\”/Oﬁ"
O @
N

‘A

The title compound was prepared as described in Example
1 Step 6 and Step 7 with ((S)-tert-butyl ((3-(2-(4-formyl-
phenoxy )ethoxy)phenyl)(phenyl)methyl)carbamate replac-
ing (S)-methyl 4-((3-(((tert-butoxycarbonyl)amino )(phenyl)
methyl)phenoxy)-methyl)benzoate 1 Step 6 and the
subsequent product used 1n Step 7.

Step 3: (R)-Quinuclidin-3-y1((S)-(3-(2-(4-((((R)-2-
hydroxy-2-(8-hydroxy-2-0x0-1,2-dihydroquinolin-3-
ylethyl)amino )methyl)phenoxy)ethoxy )phenyl)-
(phenyl)methyl)carbamate (Compound 78)

The title compound was prepared as described 1n Example
1 Step 13 with (R)-quinuclidin-3-yl ((S)-(3-(2-(4-formyl-
phenoxy)ethoxy)phenyl)(phenyl)methyl)carbamate replac-
ing 4-oxobutyl 1-(4-((3-((5)-phenyl((((R)-quinuclidin-3-
yloxy)carbonyl)amino)-methyl)phenoxy)methyl)benzoyl)
piperidine-4-carboxylate.

"H NMR (400 MHz, DMSO-d,, 110°C.): §8.10 (d, J=9.9
Hz, 1H); 7.83 (d, J=8.6 Hz, 1H); 7.45 (d, J=8.2 Hz, 2H);
7.35-7.22 (m, 6H); 7.12 (d, J=8.2 Hz, 1H); 7.03-6.96 (m,
SH); 6.88 (d, J=8.3 Hz, 1H); 6.53 (d, J=9.9 Hz, 1H); 5.85 (d,
J=8.6 Hz, 1H); 5.39-5.32 (m, 1H); 4.94 (d, J=7.6 Hz, 1H);
4.38-4.2°7 (m, 4H); 4.20 (s, 2H); 3.70-3.61 (m, 1H); 3.30-
3.07 (m, 7H); 2.25 (s, 1H); 2.03 (s, 1H); 1.97-1.90 (m, 1H);
1.86 (s, 1H); 1.76 (s, 1H).
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The following compound was prepared as described in
Example 15 with 3-(2-bromoethoxy)benzenecarboxalde-
hyde replacing 4-(2-bromoethoxy)-benzenecarboxaldehyde
in Step 2 and the subsequent products used 1n Step 2.

164

The title compound was prepared as described in Example
1 Step 5 to Step 8 with methyl bromoacetate replacing

methyl 4-(bromomethyl)benzoate in Step 5 and the products
used 1n subsequent steps.
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Example 16

(R)-Quinuclidin-3-y1 ((S)-(3-(2-((3-(({((R)-2-hy-
droxy-2-(8-hydroxy-2-oxo0-1,2-dihydroquinolin-5-yl)
cthyl)amino )methyl)phenyl Jamino )-2-oxoethoxy)
phenyl)-(phenyl)methyl)carbamate (Compound 80)

‘ A
N

]
0 N/ Y
H
OH
Step 1: 2-(3-((S)-Phenyl((((R)-quinuclidin-3-yloxy)

carbonyl)amino)methyl)-phenoxy)acetic acid

OH O

‘ n
W
O\

/

\

H
N TN
O_
O

'"H NMR (400 MHz, DMSO-d,): 8 8.32-8.24 (m, 1H);
7.34-7.12 (m, 6H); 6.89 (s, 1H); 6.84 (d, J=7.6 Hz, 1H); 6.69
(dd, J=8.2, 2.5 Hz, 1H); 5.79 (d, J=9.2 Hz, 1H); 4.72-4.70
(m, 1H); 4.37 (s, 2H); 3.30-3.29 (m, 1H); 2.93 (s, 2H);

2> 2.89-2.69 (m, 4H); 2.05-2.03 (m, 1H); 1.92-1.88 (m, 1H);
1.70-1.50 (m, 3H).

Q N
)/ O\“

HN
‘ A ‘/\
% N

. Step 2: (R)-Quinuclidin-3-y1 ((S)-(3-(2-((3-(hy-
droxymethyl)phenyl)amino)-2-oxoethoxy)phenyl)

(phenyl)methyl)carbamate
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The title compound was prepared as described in Example
1 Step 11 with 3-aminobenzyl alcohol and 2-(3-((S)-phenyl
((((R)-quinuclidin-3-yloxy)carbonyl)amino )-methyl)phe-
noxy)acetic acid replacing 3-(1,3-dioxolan-2-yl)propyl pip-
eridine-4-carboxylate hydrochloride and 4-((3-((S)-phenyl
((((R)-quinuclidin-3-yloxy)carbonyl)-amino )methyl)
phenoxy )methyl)benzoic acid respectively. Crude material
used directly in the next step without further purification.

Step 3: (R)-Quinuclidin-3-y1 ((S)-(3-(2-((3-formy]-
phenyl)amino)-2-oxoethoxy )phenyl)-(phenyl)
methyl)carbamate

NH

O
).I\ “1"‘ N
O HN ov

O\‘ AN ‘/\
y N

To a solution of (R)-quinuclidin-3-y1 ((5)-(3-(2-((3-(hy-
droxymethyl)-phenyl)amino)-2-oxoethoxy )phenyl)(phenyl)
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methyl)carbamate (0.35 g, 0.68 mmol) 1 1,4-dioxane (25
ml.) was added manganese (IV) oxide (0.58 g, 6.8 mmol)
and the reaction mixture stirred at room temperature for 2
hours and then at 50° C. for 15 hours. The suspension was
filtered through a pad of celite. The solvent was evaporated
at reduced pressure to allord the crude material. This mate-
rial was used 1n the next step without further punification.

Step 4: (R)-Quinuclidin-3-y1{((S)-(3-(2-((3-((((R)-2-
hydroxy-2-(8-hydroxy-2-0xo0-1,2-dihydroquinolin-5-
ylethyl)amino )methyl)phenyl)amino)-2-oxoethoxy)
phenyl)-(phenyl)methyl)carbamate (Compound 80)

The title compound was prepared as described 1n Example
1 Step 13 with (R)-quinuchidin-3-yl ((S)-(3-(2-((3-(hy-
droxymethyl)phenyl)amino)-2-oxoethoxy)-phenyl)(phenyl)
methyl)carbamate replacing 4-oxobutyl 1-(4-((3-((S)-phe-
nyI((((R)-quinuclidin-3-yloxy)carbonyl)amino )methyl)
phenoxy )methyl)benzoyl)piperidine-4-carboxylate.

"H NMR (400 MHz, DMSO-d,): 8 10.02 (s, 1H); 8.25 (d.,
J=9.3 Hz, 1H); 8.11 (d, J=9.9 Hz, 1H); 7.61 (s, 1H); 7.49 (d,
J=8.2 Hz, 1H); 7.35-7.17 (m, 7H); 7.08-7.01 (m, 3H);
6.99-6.81 (m, 3H); 6.46 (d, ]I=9.9 Hz, 1H); 5.83 (d, J=8.3 Hz,
1H); 5.06 (dd, J=8.0, 4.2 Hz, 1H); 4.66 (s, 2H); 4.56 (s, 1H);
3.73 (s, 2H); 3.07 (t, J=10.6 Hz, 1H); 2.73-2.39 (m, 6H);
1.89 (s, 1H); 1.78 (s, 1H); 1.57 (s, 1H); 1.45 (s, 2H); 1.31 (s,
1H).

Large Scale Synthesis of
(S)-3-(amino(phenyl)methyl)phenol hydrochloride

O O
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Step 1: (3-Methoxyphenyl)(phenyl )methanone

O

‘/\)k

X
Y
O

N

To a mixture of phosphorus pentachloride (3763 g, 18.1
mol) in 7500 mL of benzene, 3-methoxy benzoic acid (2500
g, 16.4 mol) was added 1n portions. The mixture was stirred
for 50 minutes until 1t became homogenous. The formation
of the acid chloride was controlled by TLC. After comple-
tion, the mixture was cooled down to 10° C., the reactor was
covered with alumimum foil and aluminium trichloride
(4820 g, 36.1 mol) was added 1n portions (internal tempera-
ture was held up to 30° C. maximum). Stirring was contin-
ued for 18 hours at RT. The reaction was monitored by TLC
(AcOEt:hex 1:9). After completion, the reaction mixture was
poured 1nto 1ce and was diluted with AcOEt (7 L). The
organic layer was then separated and the aqueous layer was
extracted with AcOEt (2x10 L, 1x6 L). The combined
organic layers were washed with water (5x3 L) to pH~6-7,
saturated aqueous sodium hydrogen carbonate solution (15
L), dried (sodium sulfate), filtered and the solvent evapo-
rated at reduced pressure to give a crude oil. The product
was purified by vacuum distillation (130-139° C., 2 mbar) to
obtain the title compound as a (2637 g, 76%) pale yellow o1l.

‘H NMR (600 MHz, CDCl,); & 7.80 (m, 2H); 7.57 (m,
1H); 7.46 (m, 2H); 7.32-7.37 (m, 3H); 7.12 (m, 1H); 3.83 (s,
3H).

Step 2: (3-Hydroxyphenyl)(phenyl )methanone

0
\)J\\

‘/ ‘/
OH

1458 g (6.9 mol) of (3-methoxyphenyl)(phenyl)metha-
none was dissolved 1n 2090 mL of AcOH. To this solution,
2320 ml (20.6 mol) of 48% HBr was added and the mixture
was stirred at 90° C. for 18 hours. The reaction was
monitored by TLC (AcOFEt:hex 1:9). After the reaction was
completed the mixture was cooled down to RT and poured
into ice with stirring. The precipitated solid was filtered,

washed with water and dried yielding the title compound as
a white solid (1234 g, 91%). '"H NMR (600 MHz, CDCL,);

0 7.80 (m, 2H); 7.58 (m, 1H); 7.47 (m, 2H); 7.39 (m, 1H);
7.28-7.34 (m, 2H); 7.11 (m, 1H); 5.59 (brs, 1H).
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Step 3: 3-(Amino(phenyl)methyl)phenol

NH,

OH

(3-Hydroxyphenyl)(phenyl )methanone (400 g, 2 mol)
was dissolved 1n methanol (4 L). Hydroxylamine hydrochlo-
ride (168 g, 2.4 mol) and sodium acetate (331 g, 4 mol) were
added to the resulting solution. The mixture was heated at
reflux for 18 hours. After cooling to RT the solvent was
evaporated at reduced pressure, then water (3 L) was added
to the residue. The product was extracted with ethyl acetate
(3x3 L). The combined organic extracts were washed with
saturated aqueous sodium hydrogen carbonate, brine, dried
(sodium sulfate), filtered and the solvent evaporated at
reduced pressure. The crude residue (1085 g) was used 1n the
next step without purification. The crude oxime, 362 g, (287
g. 1.3 mol of pure oxime based on analysis) was dissolved
in ethanol (860 mL) and 25% aqueous ammonia (3000 mL).
To this mixture ammonium acetate (52 g, 0.7 mol) was
added followed by portion wise addition of zinc powder

(440 g, 6.7 mol) to maintain an internal temperature not
exceeding 40° C. The mixture was stirred without heating
for 18 hours then filtered through a pad of celite. The filter
cake was washed with ethyl acetate. The filtrate was col-
lected and the formed layers were separated. The aqueous
layer was extracted with ethyl acetate (5x5 L). The com-
bined organic extracts layers were washed with brine (x2)
and the solvent was evaporated at reduced pressure. The

product was dried i vacuo (35° C., 18 hours).
'"H NMR (600 MHz, DMSO-d.); 6 9.25 (brs, 1H); 7.36

(m, 2H); 7.25 (m, 2H); 7.15 (m, 1H); 7.03 (m, 1H); 6.79 (m,
2H); 6.54 (m, 1H); 4.98 (s, 1H); 2.17 (brs, 2H).

Step 4: Crystallization of (S)-3-(amino(phenyl)
methyl)phenol (S)-mandelate

NH,

e
-

OH

R

T
b

OH

Salt formation: 3-(Amino(phenyl )methyl)phenol (1081 g,
5.4 mol) was dissolved 1n 1so-propanol (21.62 L) and heated
to reflux. To the mixture a solution of S-mandelic acid (908
g, 6 mol) in 1so-propanol (2160 mL) was added dropwise.
The mixture was heated at reflux for 1 hour and then allowed
to cool to 10° C. (over 18 hours). The precipitate formed was
filtered, washed with cold 1so-propanol and dried 1n vacuo at
35° C.

The obtained salt was retluxed 1n 95% 1so-propanol for 1
hour. The mixture was allowed to cool down to 10° C. over
18 hours. The solid was filtered, washed with cold 1so-
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propanol and dried in the vacuum oven at 35° C. The

crystallization process was repeated two or more times until
the ee was >98% by chiral HPLC analysis.

Step 5: (S)-3-(Amino(phenyl)methyl))phenol

170
(S)-3-(Amino(phenyl)methyl )phenol (S)-mandelate
(1027 g, 2.9 mol) was suspended 1n ethyl acetate. A solution
of sodium hydrogen carbonate (737 g, 8.8 mol) 1n water
(11.05 L) was added drop wise and the mixture was stirred
at RT for 18 hours. The mixture was separated and the

hydrochloride aqueous layer was extracted with ethyl acetate (3x10 L). The
combined organic extracts were combined and the solvent
evaporated at reduced pressure to give 464 g (85%) of amine
as pale yellow crystals.
NH,HCI The amine (464 g, 2.3 mol) was suspended in methanol
and 4 M HCI in AcOEt (3500 mL, 14 mol) was added drop
I X wise. The mixture was stirred for 18 hours and the solvent
evaporated at reduced pressure. The residue was triturated
s P with ether (2740 mL) for 18 hours. The suspension was
filtered, the filter cake washed with ether and dried.
O "H NMR (600 MHz, DMSO-dy); 8 9.74 (s, 1H); 9.19 (s,
3H); 7.54 (m, 2H); 7.40 (m, 2H); 7.33 (m, 1H); 7.19 (m, 1H);
7.00 (m, 1H); 6.89 (m, 1H); 6.78 (m, 1H); 5.49 (s, 1H).
LCMS/HPLC
Cpd. Method NMR data (400 MHz) Salt
1 A (DMSO-d, @85° C.): & 8.23-8.17 (m, 3 H); Diformate
7.78-7.70 (m, 1 H); 7.48 (d, T = 7.9 Hz, 2 H);
7.41-7.20 (m, 8 H); 7.08 (d, T = 8.1 Hz, 1 H);
7.05-7.01 (m, 1 H); 6.97-6.88 (m, 3 H);
6.49 (d, T = 9.9 Hz, 1 H); 5.83 (d, J = 8.8 Hz, 1 H);
5.12 (s, 2 H); 5.04 (dd, T = 7.7, 4.9 Hz, 1 H);
4.63-4.57 (m, 1 H); 4.06 (t, ] = 6.5 Hz, 2 H);
3.98-3.86 (m, 1 H); 3.13-3.03 (m, 3 H);
2.83-2.52 (m, 9 H); 1.94-1.83 (m, 3 H);
1.80-1.70 (m, 1 H); 1.67-1.37 (m, 9 H); 1.36-1.25 (m, 1
H). 1 H obscured by water signal
2 C (DMSO-dg): 0 10.4 (br s, 1 H); 879 (d, ] = 6.86 Hz, Diformate
1 H); 8.26 (s, 3 H); 8.19 (d, J = 9.93 Hz,
1 H); 7.87 (d, J = 8.03 Hz, 2 H); 7.50 (d, J = 7.95 Hz,
2 H); 7.33-7.18 (m, 6 H); 7.11 (d, J = 8.16 Hz,
1 H); 7.04 (s, 1 H); 6.99-6.85 (m, 3
H); 6.53 (d, J = 9.86 Hz, 1 H); 5.82 (d, T = 9.17 Hz,
1 H); 5.22 (dd, T = 8.14, 4.39 Hz, 1
H); 5.13 (s, 2 H); 4.60 (s, 1 H); 445 (q, ] = 7.13 Hz,
1 H); 4.08 (d,J = 6.13 Hz, 2 H);
3.20-3.09 (m, 1 H); 2.94-2.57 (m, & H);
1.88 (d, J = 48.44 Hz, 2 H); 1.71-1.40 (m, 8 H);
1.41 (d, T = 7.25 Hz, 3 H).
3 C (DMSO-dg): 0 10.3 (brs, 1 H); 858 (d, ] = 7.75 Hz, Diformate
1 H); 8.29 (s, 2 H); 8.24 (d, J = 9.05 Hz, 1
H); 8.18 (d, J = 9.92 Hz, 1 H); 7.87 (d, T = 8.00 Hz,
2 H); 7.50 (d, J = 7.95 Hz, 2 H); 7.31 (d, T = 5.12 Hz,
4 H); 7.26-7.19 (m, 2 H); 7.10 (d, T = 8.17 Hz,
1 H); 7.04 (s, 1 H); 6.94 (dd, T = 8.05,
4.12 Hz, 2 H); 6.88 (dd, T = 8.24, 2.49 Hz,
1 H); 6.52 (d, J = 9.86 Hz, 1 H); 5.82 (d, J = 9.15 Hz,
1 H); 5.22-5.08 (m, 3 H); 4.58 (s, 1
H); 4.28 (t, ] = 7.54 Hz, 1 H); 4.12-4.03 (m, 2
H); 3.12 (t, ] = 10.35 Hz, 1 H); 2.84-2.59 (m,
R H); 2.25-2.13 (m, 1 H); 1.92 (s, 1 H);
1.80 (s, 1 H); 1.77-1.31 (m, 8 H); 0.97 (dd, T = 15.78,
6.72 Hz, 6 H).
4 A (DMSO-dg): 0 10.4 (brs, 1 H); 8.72 (d, ] = 7.61 Hz, Diformate
1 H); 8.30 (s, 2 H); 8.26 (d, J = 8.55 Hz,
1 H); 8.19 (d, T = 9.93 Hz, 1 H); 7.87 (d, J = 8.02 Hz,
2 H); 7.50 (d, J = 7.96 Hz, 2 H);
731 (d, J = 5.01 Hz, 4 H); 7.27-7.16 (m, 2 H);
7.11 (d, T = 8.16 Hz, 1 H); 7.04 (s, 1 H):
6.99-6.91 (m, 2 H); 6.88 (dd, J = 8.28, 2.48 Hz, 1
H); 6.53 (d, J = 9.86 Hz, 1 H); 5.82 (d, T = 8.98 Hz,
1 H); 5.22-5.16 (m, 1 H); 5.14 (s, 2
H); 4.60 (s, 1 H); 4.48 (m, 1 H); 4.08 (t, ] = 5.96 Hz,
2 H); 3.19-3.08 (m, 1 H):
2.85-2.57 (m, 8 H); 1.93 (s, 1 H); 1.99-1.37 (m, 12 H);
0.90 (dd, J = 17.43, 6.43 Hz, 6 H)
5 C (DMSO-dg): 0 10.4 (br s, 1 H); 8.59 (s, 1 H); Diformate

R.30 (s, 2 H); 8.26 (d, J = 8.71 Hz, 1 H):

.17 (d, J = 9.93 Hz, 1 H); 7.83 (d, J = 8.01 Hz, 2
H); 7.47 (d, J = 7.97 Hz, 2 H); 7.31 (d, T = 4.97 Hz,
4 H); 7.26-7.19 (m, 2 H); 7.10 (d, T = 8.16 Hz,
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NMR data (400 MHz)

1 H); 7.04 (s, 1 H); 6.99-6.91 (m, 2

H); 6.88 (dd, J = 8.26, 2.53 Hz, 1 H); 6.52 (d,

] =9.86 Hz, 1 H); 5.82 (d, ] = 9.08 Hz, 1 H);

5.18 (dd, J = 8.17, 4.54 Hz, 1 H); 5.12 (s, 2 H);
4.60 (s, 1 H); 4.02 (d, T = 6.12 Hz, 2 H);

3.19-3.09 (m, 1 H); 2.86-2.57 (m, 8 H); 1.93 (s, 1
H); 1.81 (s, 1 H); 1.46 (t, ] = 40.03 Hz, 14 H).
(DMSO-d,): & 10.3 (brs, 1 H); 8.70 (d, T = 7.52 Hz,
1 H); 8.28 (s, 1 H); 8.24 (d, J = 8.92 Hz,

| H); 8.18 (d, J =9.93 Hz, 1 H); 7.87 (d, J = 8.02 Hz,
2 H); 7.51 (d, T = 7.98 Hz, 2 H):

7.33-7.19 (m, 6 H); 7.09 (d, J = 8.15 Hz, 1 H);

7.04 (s, 1 H); 6.94 (d, T = 8.01 Hz, 2 H);

6.88 (d, J = 8.35 Hz, 1 H); 6.52 (d, ] = 9.87 Hz, 1
H); 5.82 (d, J = 8.95 Hz, 1 H); 5.15-5.08 (m, 3

H); 4.58 (s, 1 H); 4.54-4.46 (m, 1 H);

4.09-4.04 (m, 2 H); 3.11 (m, 1 H); 2.82-2.57 (m, 7
H); 1.91 (s, 1 H); 1.93-1.34 (m, 17 H);

1.26-1.04 (m, 4 H); 1.00-0.82 (m, 2 H).

(DMSO-d,): & 10.4 (brs, 1 H); 8.71 (d, J = 7.63 Hz,
1 H); 8.27 (s, 2 H); 8.24 (s, 1 H); 8.18 (d,

] =993 Hz, 1 H); 7.87 (d, ] = 8.02 Hz, 2 H);

7.51 (d, T = 7.95 Hz, 2 H); 7.32-7.18 (m, 6 H);

7.10 (d, J = 8.15 Hz, 1 H); 7.04 (s, 1 H);

6.97-6.93 (m, 2 H); 6.91-6.85 (m, 1 H); 6.52 (d, T = 9.86 Hz,
1 H); 5.82 (d, T = 8.87 Hz, 1 H);

5.22-5.08 (m, 3 H); 4.59 (s, 1 H); 4.48 (m, 1

H); 4.11-4.04 (m, 2 H); 3.12 m, 1 H);

2.85-2.60 (m, 8 H); 1.92 (s, 1 H); 1.95-1.36 (m, 12
H); 0.90 (dd, J = 17.10, 6.42 Hz, 6 H).

(DMSO-d,): 6 10.50 (d, T = 19.21 Hz, 2 H);

0.52 (s, 1 H); 8.81 (d, T = 7.63 Hz, 1 H);

R.59 (s, 2 H); 8.45 (d, J = 9.21 Hz, 1 H); 8.16 (d, ] = 9.93 Hz,
1 H); 7.80 (d, T = 8.02 Hz, 2 H);

7.49 (d, T = 8.03 Hz, 2 H); 7.34-7.14 (m, 9 H);
7.03-6.94 (m, 3 H); 6.90 (d, J = 8.30 Hz, 1 H);

6.84 (d, J = 8.35 Hz, 2 H); 6.59 (d, ] = 9.89 Hz,

1 H); 6.17 (s, 1 H); 5.83 (d, J = 9.05 Hz, 1 H);

531 (d,J =9.26 Hz, 1 H); 5.12 (s, 2 H):

4.88-4.83 (m, 1 H); 4.62-4.55 (m, 1 H);

4.11-4.06 (m, 2 H); 3.72-3.60 (m, 4 H); 3.28-2.92 (m, 8
H); 2.23 (s, 1 H); 2.05 (s, 1 H); 1.89-1.55 (m,

7 H).

(DMSO-d6): & 8.99-8.92 (m, 1 H); 8.30 (s, 1

H); 8.23 (d, J = 9.4 Hz, 1 H); 8.18 (d, J = 9.9 Hz,

1 H); 7.86 (d, T = 7.9 Hz, 2 H); 7.52 (d, ] = 7.9 Hz,
2 H); 7.31 (d, T = 5.0 Hz, 4 H);

7.28-7.19 (m, 2 H); 7.09 (d, J = 8.1 Hz, 1 H);

7.04 (s, 1 H); 6.96-6.85 (m, 3 H); 6.54-6.4%8 (m, 1
H); 5.82 (d, J = 9.2 Hz, 1 H); 5.14 (s, 2 H);
5.11-5.04 (m, 1 H); 4.57 (s, 1 H);

4.12-4.04 (m, 2 H); 4.01 (d, T = 5.8 Hz, 2 H); 3.09 (s, 1
H); 2.76-2.58 (m, 7 H); 1.91-1.25 (m, 11 H).
(DMSO-d,, 105° C.): & 8.25-8.17 (m, 3 H);

757 (d,J = 8.8 Hz, 1 H); 747 (d, ] = 7.9 Hz, 2

H); 7.37-7.27 (m, 6 H); 7.28-7.20 (m, 2 H);

7.09 (d,J = 8.1 Hz, 1 H); 7.03 (d, ] = 2.2 Hz, 1

H); 6.98-6.88 (m, 3 H); 6.49 (d, ] = 9.9 Hz, 1

H); 5.83 (d, J = 8.7 Hz, 1 H); 5.12 (s, 2 H);
5.04-4.97 (m, 1 H); 4.64-4.58 (m, 1 H);

3.87 (s, 2 H); 3.12-3.00 (m, 3 H); 2.83 (t, ] = 6.2 Hz,
2 H); 2.79-2.56 (m, 6 H); 1.93-1.89 (m, 1

H); 1.79 (d, J = 14.6 Hz, 3 H); 1.64-1.56 (m, 1

H); 1.52-1.45 (m, 1 H); 1.34-1.22 (m, 3 H).
(DMSO-d,, 110° C.): & (d, T = 9.9 Hz, 1 H);

7.84 (d, J = 8.6 Hz, 1 H); 7.49 (d, ] = 7.9 Hz, 2

H); 7.39-7.20 (m, 8 H); 7.16 (d, J = 8.2 Hz, 1

H); 7.04-7.00 (m, 2 H); 6.99-6.90 (m, 2 H);

6.57 (d, 7 =9.9 Hz, 1 H); 5.85 (d, ] = 8.7 Hz, 1

H); 5.40 (dd, J = 8.0, 5.0 Hz, 1 H); 5.13 (s, 2

H); 4.97-4.91 (m, 1 H); 4.04 (d, J = 13.5 Hz, 2

H); 3.66 (ddd, J = 14.0, 8.4, 2.6 Hz, 1 H);

3.33-3.11 (m, 6 H); 3.12-2.95 (m, 5 H);

225 (d, T =44 Hz, 1 H); 2.16-1.71 (m, 7 H);

1.28 (dd, J = 24.1, 12.0 Hz, 2 H).

Salt

Formate

Diformate

Ditrifluoro-
acetate

Formate

Formate

Trifluoro-
acetate

172
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NMR data (400 MHz)

(DMSO-d,): & 10.50 (s, 2 H); 9.69 (s, 1 H);

R.65 (s, 3 H); 8.45 (d, T = 9.2 Hz, 1 H);

8.16 (d, J = 10.0 Hz, 1 H); 7.55-7.41 (m, 3 H);
7.35-7.20 (m, 7 H); 7.15 (d, J = 8.2 Hz, 1 H);
7.05-6.92 (m, 3 H); 6.91 (dd, J = 8.2, 2.4 Hz, 1

H); 6.58 (d, J = 9.9 Hz, 1 H); 6.19 (s, 1 H);

583 (d,J=9.1Hz, 1 H); 532(d, ] =9.7 Hz, 1

H); 5.12 (s, 2 H); 4.88-4.83 (m, 1 H); 4.33 (s,

1 H); 4.10-4.04 (m, 2 H); 3.69-3.51 (m, 2 H);
3.36-2.90 (m, 8 H); 2.70-2.60 (m, 1 H);

2.23 (s, 1 H); 2.12-2.01 (m, 1 H); 1.97-1.52 (m, 12
).

(DMSO-d,): & 8.36-8.08 (m, 4 H);

7.33-7.19 (m, 6 H); 7.11 (d, J = 8.2 Hz, 1 H); 7.03 (s, 1
H): 6.97-6.90 (m, 4 H); 6.68 (d, ] = 3.4 Hz, 1

H); 6.53 (d, J =9.9 Hz, 1 H); 5.82 (d, ] = 9.2 Hz,

1 H); 5.20 (dd, J = 8.0, 4.6 Hz, 1 H);

5.10 (s, 2 H); 4.60 (s, 1 H); 4.16 (d, J = 13.1 Hz, 2
H); 4.05 (t, J = 5.9 Hz, 2 H); 3.18-3.07 (m, 1

H); 2.90-2.55 (m, 9 H); 1.88 (d, J = 17.3 Hz, 4

H); 1.67-1.31 (m, 12 H).

(DMSO-d,): & 8.34-8.18 (m, 3 H); 8.18 (d, T = 9.9 Hz,
1 H); 7.34-7.18 (m, 6 H);

7.13-7.04 (m, 2 H); 6.99-6.90 (m, 3 H); 6.67 (s, 1 H):
6.53 (d, 7 =99 Hz, 1 H); 5.83 (d, T = 9.1 Hz, 1

H); 5.20-5.11 (m, 3 H); 4.59 (s, 1 H); 4.50 (d,
T=12.8 Hz, 1 H); 434 (s, 1 H); 4.08-4.01 (m,

2 H); 3.87 (s, 3 H); 3.34-3.02 (m, 2 H);

2.89-2.55 (m, 10 H); 1.95-1.79 (m, 4 H);

1.69-1.36 (m, 10 H).

(DMSO, 110° C.): 6 8.20 (d, J = 9.9 Hz, 1 H);

7.84 (d, T = 8.7 Hz, 1 H); 7.34-7.21 (m, 6 H);

7.16 (d, T = 8.2 Hz, 1 H); 7.04-6.92 (m, 4 H);
6.61-6.55 (m, 2 H); 5.86 (d, J = 8.6 Hz, 1 H);

5.39 (dd, J = 8.0, 5.0 Hz, 1 H); 5.18 (s, 2 H);
4.96-4.91 (m, 1 H); 4.52 (d, T = 13.0 Hz, 2 H);

3.88 (s, 3 H); 3.65-2.94 (m, 10 H); 2.26 (d, ] = 4.5 Hz,
1 H); 2.18-1.76 (m, 9 H); 1.27 (dd, J = 12.2,

4.1 Hz, 2 H).

(DMSO-d,, @ 110° C.); 8.22 (d, J = 9.9 Hz, 1H);
R.15 (s, 2H); 7.54 (d, J = 8.3 Hz, 1H);

7.49-7.39 (m, 3H); 7.32-7.30 (m, 5H); 7.23 (t, ] = 8.2 Hz,
2H); 7.09 (d, J = 8.2 Hz, 1H); 7.02 (dd, J = 2.1,

2.1 Hz, 1H); 6.98-6.89 (m, 3H); 6.49 (d, ] = 9.8 Hz,
1H); 5.83 (d, ] = 8.7 Hz, 1H); 5.13 (s, 2H);

5.05 (dd, J = 4.8, 7.6 Hz, 1H); 4.65-4.61 (m,

1H); 4.02-3.91 (m, 2H); 3.12 (dd, J = 8.3, 14.4 Hz,
1H); 2.90-2.61 (m, 8H); 2.60-2.51 (m,

3H); 1.93 (dd, T = 3.2, 6.3 Hz, 1H);

1.83-1.45 (m, 6H); 1.37-1.30 (m, 1H); 1.18-1.07 (m,
2H).

(DMSO-d6): & 10.30 (bs, 1 H); 8.28-8.21 (m,

2 H); 8.11 (d, T = 9.9 Hz, 1 H); 8.04-7.84 (m, 2

H); 7.58 (d, J = 8.0 Hz, 2 H); 7.40-7.18 (m, 10

H); 7.09-7.02 (m, 2 H); 6.97-6.86 (m, 3 H);

648 (d, 7 =9.9 Hz, 1 H); 5.82 (d, ] = 9.1 Hz, 1

H); 5.18 (s, 2 H); 5.07 (dd, J = 8.0, 4.3 Hz, 1

H); 4.62-4.30 (m, 3 H); 3.85-3.07 (m, 7 H);
2.81-2.54 (m, 7 H); 1.95-1.74 (m, 2 H);

1.66-1.29 (m, 3 H); 1.23-0.98 (m, 3 H).
(DMSO-d,): & 10.29 (s, 1 H); 8.24 (s, 2 H):

R.11 (d, T = 9.93 Hz, 1 H); 7.93 (d, J = 46.05 Hz,

2 H); 7.57 (d, T = 7.99 Hz, 2 H);

7.32-7.18 (m, 11 H); 7.09-7.02 (m, 2 H); 6.98-6.86 (m, 3
H); 6.47 (d, J = 9.87 Hz, 1 H); 5.82 (d, ] = 8.99 Hz,
1 H); 5.18 (s, 2 H); 5.07 (dd, T = 8.01,

433 Hz, 1 H); 4.66-4.34 (m, 3 H);

3.99-3.57 (m, 4 H); 3.25-2.86 (m, 4 H);

2.73-2.61 (m, 6 H); 1.99-1.72 (m, 2 H); 1.67-1.23 (m, 4
H)

(DMSO-d6): & 10.28 (bs, 1 H); 8.28-8.21 (m,

3 H); 8.11 (d, T = 9.9 Hz, 1 H); 8.02-7.76 (m, 2

H); 7.57 (d, J = 7.9 Hz, 2 H); 7.41-7.14 (m, 15

H); 7.08-7.01 (m, 2 H); 6.97-6.86 (m, 3 H);

6.46 (d, 7 =9.9 Hz, 1 H); 5.82 (d, ] = 9.0 Hz, 1

H); 5.18 (s, 2 H); 5.10-5.02 (m, 1 H);

Salt

Diformate

Diformate

Diformate

Trifluoro-

acetate

Diformate

Formate

Diformate

Diformate

174
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4.85-4.26 (m, 5 H); 3.80-3.08 (m, 5 H);

2.82-2.54 (m, 7 H); 1.95-1.74 (m, 2 H); 1.66-1.29 (m, 3

H).
(DMSO-d6 @85° C.): & 8.19-8.12 (m, 3 H);
798 (d, T = 7.9 Hz, 2 H); 7.72 (bs, 1 H);

7.56 (d, J = 7.8 Hz, 2 H); 7.38-7.19 (m, 10 H);
7.08 (d, T = 8.1 Hz, 1 H); 7.03 (s, 1 H);

6.96-6.88 (m, 3 H); 6.46 (d, ] = 9.8 Hz, 1 H); 5.83 (d, ] = 8.5 Hz,

1 H); 5.18 (s, 2 H); 5.07 (dd, T = 7.7,

4.7 Hz, 1 H); 4.63-4.57 (m, 1 H); 4.48 (t, ] = 6.2 Hz,
2 H); 4.05-3.94 (m, 1 H); 3.80 (s, 2

H); 3.67 (t, T = 17.6 Hz, 2 H); 3.09 (dd, T = 14.4,

8.2 Hz, 1 H); 2.85-2.53 (m, 7 H);

1.93-1.87 (m, 1 H); 1.80-1.68 (m, 1 H);

1.66-1.54 (m, 1 H); 1.53-1.43 (m, 1 H); 1.38-1.25 (m, 1

H); 1.17 (d, T = 6.7 Hz, 6 H).

(DMSO-d6 @85° C.): & 8.17-8.12 (m, 3 H);

7.97 (d, J = 7.9 Hz, 2 H); 7.75 (bs, 1 H);

7.56 (d, J = 8.0 Hz, 2 H); 7.39-7.19 (m, 10 H);
7.10-7.01 {(m, 2 H); 6.96-6.88 (m, 3 H);

647 (d, T =99 Hz, 1 H); 5.83 (d, ] = 8.7 Hz, 1 H);
5.18 (s, 2 H); 5.08 (dd, T = 7.7, 4.5 Hz, 1 H);
4.65-4.58 (m, 1 H); 445 (t, ] = 6.1 Hz, 2 H);

3.82 (s, 2 H); 3.70 (t, ] = 6.5 Hz, 2 H);

3.61-3.50 (m, 1 H); 3.11 (dd, J = 14.7, 8.4 Hz, 1 H);
2.84-2.58 (m, 7 H); 1.94-1.89 (m, 1 H);

1.81-1.44 (m, 10 H); 1.38-1.28 (m, 1 H);

1.13-0.93 (m, 3 H).

(DMSO-d6): & 8.28-8.18 (m, 2 H); 8.11 (d, J = 9.9 Hz,
1 H); 7.89 (m, 2 H); 7.57 (d, J = 7.9 Hz,

2 H); 7.38-7.18 (m, 14 H); 7.09-7.02 (m, 2

H); 6.98-6.87 (m, 3 H); 6.46 (d, ] = 9.8 Hz, 1

H); 5.82 (d, ] = 9.0 Hz, 1 H); 5.18 (s, 2 H);

5.06 (s, 1 H); 4.80-4.27 (m, 5 H); 3.71 (m, 4

H); 3.14 (m, 1 H); 2.77-2.62 (m, 7 H); 1.92 (s,

1 H); 1.80 (s, 1 H); 1.48 (m, 3 H).

(DMSO-d,, @ 85° C.): 8 9.79 (br s, 1 H);

R.18 (d, T = 9.98 Hz, 1 H); 8.13 (s, 2 H); 7.96 (d, ] = 8.07 Hz,

3 H); 7.39-7.47 (m, 4 H);
7.44-7.36 (t, ] = 7.39 Hz, 1 H); 7.33-7.22 (m, 7 H);
7.11 (d, J =816 Hz, 1 H); 7.03 (s, 1 H);

7.01-6.87 (m, 3 H); 6.50 (d, J = 9.87 Hz, 1 H); 5.84 (d, ] = 8.63 Hz,

1 H); 5.35-5.28 (m, 1 H); 5.18 (s, 2

H); 4.88-4.83 (m, 1 H); 4.49 (s, 2 H); 4.06 (s,

2 H); 3.80 (s, 2 H); 3.59-3.49 (m, 1 H);

3.2-2.8 (m, 10 H); 2.18 (s, 1 H); 2.05-1.67 (m, 4
H).

(DMSO-d,): & 10.31 (s, 1 H); 8.65 (t, ] = 5.67 Hz,
1 H); 8.30-8.18 (m, 2 H); 8.13 (d, T = 9.93 Hz,

1 H); 7.99 (d, T = 8.06 Hz, 2 H); 7.78 (d, ] = 7.99 Hz,
2 H); 7.56 (d, T = 8.01 Hz, 2 H):

7.40 (d, T = 8.01 Hz, 2 H); 7.32-7.18 (m, 6 H);
7.05 (t, ] = 6.86 Hz, 2 H); 6.96-6.85 (m, 3 H);
6.47 (d,J = 9.87 Hz, 1 H); 5.82 (d, J = 9.15 Hz,

1 H); 5.17 (s, 2 H); 5.07 (dd, T = 8.03, 4.34 Hz,

1 H); 4.59 (s, 1 H); 440 (t, ] = 5.55 Hz, 2

H); 3.81 (s, 2 H); 3.65 (d, ] = 6.59 Hz, 2 H);

3.14 (t, ] = 11.74 Hz, 1 H); 2.72-2.64 (m, 7 H);
1.92 (s, 1 H); 1.81 (s, 1 H); 1.69-1.27 (m, 3

H).

(DMSO-d6): & 8.70-8.63 (m, 1 H):;

8.29-8.18 (m, 2 H); 8.13 (d, J = 9.9 Hz, 1 H); 7.99 (d, J = 8.1 Hz,

2 H); 7.56 (d, T = 8.0 Hz, 2 H);
7.40-7.15 (m, 9 H); 7.08-7.01 (m, 2 H);

6.97-6.85 (m, 3 H); 6.48 (d, J = 9.9 Hz, 1 H); 5.82 (d, ] = 9.1 Hz,

1 H); 5.17 (s, 2 H); 5.05 (dd, J = 7.8,

4.5 Hz, 1 H); 4.58 (s, 1 H); 4.44-4.37 (m, 2

H): 3.79 (s, 2 H); 3.79-3.66 (m, 3 H);

3.67-3.59 (m, 5 H); 3.14 (m, 1 H); 2.77-2.61 (m, 4
H); 1.92 (s, 1 H); 1.80 (s, 1 H); 1.67-1.29 (m,

3 H).

(DMSO-d6): 6 8.91 (d, T = 2.2 Hz, 1 H);

R.89-8.83 (m, 1 H); 8.24 (s, 2 H); 8.19-8.08 (m, 2

H); 7.99 (d, T = 8.0 Hz, 2 H); 7.56 (d, J = 8.0 Hz,

2 H); 7.49 (d, T = 8.1 Hz, 1 H);

7.31-7.17 (m, 6 H); 7.10-7.01 (m, 2 H); 6.96-6.85 (m, 3

Salt

Diformate

Diformate

Formate

Diformate

Formate

Formate

Formate
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H); 648 (d, ] =99 Hz, 1 H); 5.81 (d, ] = 9.3 Hz,
1 H); 5.17 (s, 2 H); 5.09 (dd, ] = 7.8, 4.4 Hz,

1 H); 4.58 (s, 1 H); 4.45-4.38 (m, 2 H);

3.94-3.81 (m, 2 H); 3.68-3.61 (mm, 4 H);

3.11 (m, 1 H); 2.79-2.59 (m, 5 H); 1.91 (s, 1 H);
1.79 (s, 1 H); 1.68-1.25 (m, 3 H).

20 C (DMSO-d6): 6 8.52-8.45 (m, 1 H); Formate
8.27-8.18 (m, 2 H); 8.14 (d, J=9.9 Hz, 1 H); 7.98 (d, ] = 8.0 Hz,
2 H); 755 (d, I =7.9 Hz, 2 H);
7.31-7.18 (m, 6 H); 7.08-6.99 (m, 3 H);
6.96-6.85 (m, 3 H); 6.48 (d, ] =9.9 Hz, 1 H); 6.37 (d, ] = 3.4 Hz,
1 H); 5.82 (d, ] =9.2 Hz, 1 H); 5.17 (s,

2 H); 5.03(dd, ] =7.9,43 Hz, 1 H); 4.57 (s, 1
H); 4.39-4.32 (m, 2 H); 3.80-3.72 (m, 2 H);
3.58 (d, ] = 14.8 Hz, 2 H); 3.11 (mm, 1 H);
2.77-2.60 (m, 8 H); 1.90 (s, 1 H); 1.79 (s, 1 H);
1.46 (m, 3 H).

21 C (DMSO-d6): o6 8.58-8.51 (m, 1 H); 8.30 (s, 1 Formate

H); 817 (d, ] =9.5 Hz, 1 H); 8.08 (d, ] = 9.9 Hz,

1 H); 7.93 (d, ] = 8.0 Hz, 2 H);

7.52-7.48 (m, 3 H); 7.26-7.11 (m, 6 H); 7.03-6.97 (m, 2
H); 6.91-6.81 (m, 4 H); 6.41 (d, ] =9.9 Hz, 1

H); 5.76 (d, ] = 9.1 Hz, 1 H); 5.11 (s, 2 H);

5.00 (dd, I =7.9,4.3 Hz, 1 H); 4.50 (s, 1 H);
4.35-4.28 (m, 2 H); 3.87 (s, 2 H); 3.55 (d, ] = 7.1 Hz,
4 Hj); 3.03 (m, 1 H); 2.75-2.50 (m, 5

H); 1.83 (d, =53 Hz, 1 H); 1.72 (s, 1 H);

1.58-1.19 (m, 3 H).

21A C (DMSO-dg): 0 8.90-8.86 (m, 1 H); 8.39 (s, 1 Formate

H); 821 (d, ] =9.9 Hz, 1 H); 8.02 (d, ] = 8.1 Hz,

2 H); 7.60 (d, I = 8.0 Hz, 2 H);

7.38-7.32 (m, 4 H); 7.32-7.25 (m, 2 H); 7.13-7.07 (m, 2
H); 7.00-6.91 (m, 3 H); 6.67 (s, 1 H); 6.53 (d,

I =99Hz 1H); 588 (,1H); 522 (s, 2 H);

5.10-5.07 (m, 1 H); 4.66-4.55 (m, 1 H);

4.39-4.32 (m, 2 H); 3.97 (s, 2 H); 3.50-3.41 (m, 6

H); 3.18-3.06 (m, 1 H); 2.78-2.69 (m, 4 H);

2.06-2.00 (m, 2 H); 1.94 (s, 1 H); 1.83 (s, 1 H);

1.61 (s, 1 H); 1.51 (s, 1 H); 1.37 (s, 1 H).

21B C (DMSO-dg): 0 8.33-8.15 (i, 2 H); Formate
8.18-8.11 (m, 2 H); 7.97 (d, ] = 8.1 Hz, 2 H); 7.35 (d, ] = 8.0 Hz,
2 H); 7.33-7.19 (Im, 6 H);
7.10-7.01 (m, 2 H); 6.96-6.85 (m, 3 H); 6.54-6.44 (m, 2
H); 5.82 (d, ] =93 Hz, 1 H); 5.17 (s, 2 H);

5.04 (dd, J =7.9,44 Hz, 1 H); 4.58 (s, 1 H);
4.32-4.25 (m, 2 H); 3.80-3.75 (m, 5 H);

3.12 (t, ] = 10.8 Hz, 1 H); 2.79-2.56 (m, 7 H);
1.94 (m, 3 H); 1.80 (s, 1 H); 1.59 (s, 1 H); 1.48 (s,
2 H); 1.35 (s, 1 H).

22 C (DMSO-d6): 0 8.29 (s, 1 H); 824 (d, ] = 9.6 Hz, Formate

1 H); 8.17 (d, ] =99 Hz, 1 H); 7.64 (d, ] = 7.9 Hz,

1 H); 7.34-7.18 (m, 8 H);

7.12-7.02 (m, 2 H); 6.97-6.87 (m, 3 H); 6.51 (d, ] = 9.9 Hz,
1 H); 5.82 (d, ] =9.0 Hz, 1 H); 5.13 (s, 2

H); 457 (s, 1 H); 4.21 (t, ] = 6.2 Hz, 2 H);

3.80 (s, 3 H); 3.10 (s, 1 H); 2.81 (d, ] = 6.3 Hz,

2 H); 274 (d, I =7.7 Hz, 4 H); 2.67 (s, 1 H);

2.62 (s, 2 H); 1.97-1.72 (m, 3 H);

1.74-1.66 (m, 2 H); 1.64-1.56 (m, 2 H); 1.48 (s, 2 H);

1.34 (s, 1 H).

23 C (MeOD): 0 847 (s, 2 H); 837 (d, ] = 9.9 Hz, 1 Diformate
H); 7.89-7.80 (m, 2 H); 7.76 (d, ] = 8.0 Hz, 1
H); 7.34-7.24 (m, 7 H); 7.04 (d, ] = 8.2 Hz, 1
H); 6.99-6.88 (m, 3 H); 6.69 (d, ] = 9.8 Hz, 1
H); 5.90 (s, 1 H); 5.44-5.36 (m, 1 H); 5.22 (s,

2 H); 4.99 (s, 2 H); 4.45-4.38 (m, 2 H);
3.68 (t, ] =10.8 Hz, 1 H); 3.31-3.08 (m, 8 H);
2.33-1.79 (m, 9 H).

24 A (DMSO-dg): 0 8.26 (s, 2 H); 8.17 (d, ] = 9.91 Hz, Diformate
1 H); 7.88 (s, 1 H); 7.65 (d, ] = 9.04 Hz, 1
H); 759 (d, ] = 9.28 Hz, 1 H); 7.32-7.17 (m, 7
H); 7.09 (d, ] = 8.14 Hz, 1 H); 7.04 (s, 1 H);
6.98-6.86 (m, 3 H); 6.51 (d, ] = 9.87 Hz, 1 H);

5.82 (d, ] = 8.90 Hz, 1 H); 5.21-5.11 (m, 3 H);
458 (s, 1 H); 4.31 (t, ] = 6.27 Hz, 2 H);
3.12 (t, ] =11.01 Hz, 2 H); 2.84 (d, ] = 6.41 Hz, 2
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H); 2.80-2.74 (m, 5 H); 2.69-2.56 (m, 3 H);
1.91 (s, 1 H); 1.81-1.71 (m, 3 H);
1.68-1.58 (m, 4 H); 1.48 (s, 2 H); 1.35 (s, 1 H).
25 A (DMSO-d6): 0 8.31-8.13 (m, 4 H); 7.97 (s, 1 Diformate
H); 7.88-7.86 (m, 1 H); 7.80 (s, 1 H);
7.32-7.17 (m, 6 H); 7.11-7.02 (m, 2 H);
6.98-6.86 (m, 3 H); 6.50 (d, ] =9.9 Hz, 1 H); 5.82 (d, ] = 9.0 Hz,
1 H); 5.19 (s, 2 H); 5.15-5.08 (m, 1
H); 4.57 (s, 1 H); 4.34-4.26 (m, 2 H); 3.10 (m,
1 H); 2.86-2.56 (m, 7 H); 1.90 (s, 1 H);
1.80-1.70 (m, 4 H); 1.64-1.55 (m, 4 H); 1.40 (m, 2
H).
26 A (DMSO-dg): 0 8.27 (s, 2 H); 8.20 (d, J = 9.9 Hz, Formate
1 H); 7.94 (d, ] =7.9 Hz, 2 H);
7.61-7.50 (m, 3 H); 7.32-7.29 (m, 4 H); 7.28-7.19 (m, 2
H); 7.08 (d, ] = 8.1 Hz, 1 H); 7.04-6.99 (m, 1
H); 6.98-6.88 (m, 3 H); 6.47 (d, ] =9.9 Hz, 1
H); 5.85-5.79 (m, 1 H); 5.17 (s, 2 H);
5.04-4.99 (m, 1 H); 4.63-4.56 (m, 1 H);
4.46-4.34 (m, 2 H); 3.70-3.61 (m, 2 H); 3.43-3.35 (m, 2
H); 3.08-3.03 (m, 1 H); 2.82-2.55 (m, 9 H);
2.01 (s, 3 H); 1.93-1.84 (m, 1 H);
1.75-1.38 (m, 4 H); 1.52-1.42 (m, 1 H); 1.36-1.23 (m, 1
H).
27 B (DMSO-dg): 0 8.20-8.14 (m, 3 H); Diformate
7.96-7.91 (m, 2 H); 7.58-7.50 (m, 3 H); 7.43-7.27 (m, 9
H); 7.26-7.19 (m, 2 H); 7.08-7.02 (m, 2 H);
6.96-6.88 (m, 3 H); 6.47 (d, ] = 9.9 Hz, 1 H);
583 (d, ] =7.0Hz, 1 H); 5.18 (s, 2 H);
498 (dd, T =7.5,4.8 Hz, 1 H); 4.64-4.58 (i, 1 H);
4.49-4.42 (m, 2 H); 3.79-3.72 (m, 2 H);
3.48-3.39 (m, 2 H); 3.08 (dd, J = 14.3, 8.3 Hz, 1 H);
2.77-2.47 (m, 8 H); 1.92-1.89 (m, 1 H);
1.76-1.67 (m, 4 H); 1.62-1.58 (m, 1 H);
1.51-1.47 (m, 1 H); 1.33-1.28 (m, 1 H).
28 C (DMSO-d6): 0 8.35-8.18 (m, 3 H); 8.16 (d, ] = 9.9 Hz, Diformate
1 H); 7.92 (d, ] = 8.0 Hz, 2 H);
7.84-7.79 (m, 2 H); 7.67-7.51 (m, 5 H);
7.32-7.19 (m, 6 H); 7.12-7.02 (m, 2 H); 6.95 (d, ] = 8.0 Hz,
2 H); 6.91-6.86 (im, 1 H); 6.50 (d, ] = 9.9 Hz,
1 H); 5.83 (d, ] = 8.5 Hz, 1 H);
5.19-5.06 (m, 3 H); 4.60 (s, 2 H); 4.42-4.35 (In, 2 H);
3.55-3.48 (mm, 2 H); 2.81-2.56 (m, 9 H);
1.94 (s, 1 H); 1.83-1.70 (m, 3 H); 1.74-1.26 (mm, 3
H).
29 B (DMSO-d,, @ 85° C.): 0 8.14 (d, ] = 15.87 Hz, Formate
2 H); 7.81 (s, 2 H); 7.51 (d, J = 12.80 Hz, 2
H); 7.37-7.16 (m, 10 H); 7.08-6.86 (m, 5 H);
6.52-6.4 (m, 1 H); 5.86-5.75 (m, 1 H);
5.20-5.13 (m, 2 H); 5.07-4.95 (m, 1 H); 4.59 (s, 1 H);
4.24 (s, 2 H); 3.54-3.07 (m, 7 H);
2.81-2.35 (m, 7 H); 2.06-1.86 (m, 4 H); 1.81-1.4 (m, 4
H); 1.31 (s, 1 H).
30 C (DMSO-d, @ 85° C.): 0 8.18 (s, 3 H); 7.97 (d, Diformate
I =8.00 Hz, 2 H); 7.55 (d, ] =7.99 Hz, 3 H);
7.32-7.21 (m, 7 H); 7.07 (d, ] = 1.60 Hz, 1 H);
7.02 (s, 1 H); 6.94 (s, 3 H); 6.48 (d, ] = 9.90 Hz,
1 H); 5.84-5.8 (m, 1 H); 5.18 (s, 2 H);
5.05-5.0 (m. 1 H); 4.63-4.56 (m, 1 H); 4.30 (s, 2
H); 3.43 (t, ] = 6.93 Hz, 2 H); 3.34 (t, ] = 7.26 Hz,
2 H); 2.80-2.58 (m, 7 H); 2.01-1.85 (m, 3
H); 1.78-1.1 (m, 18 H).
31 A (DMSO-d,, D20): 0 8.18 (d, ] = 9.93 Hz, 1 H); Ditrifluro-
7.90 (d, ] =754 Hz, 2 H); 7.75 (d, ] = 7.26 Hz, acetate
2 H); 7.62 (d, ] =7.29 Hz, 1 H); 7.58-7.50 (m,
4 H); 7.31-7.19 (m, 6 H); 7.16 (d, ] = 8.32 Hz,
1 H); 7.01 (d, ] =8.23 Hz, 1 H); 6.96-6.85 (m,
3 H); 6.60 (d, ] =9.86 Hz, 1 H); 5.76 (s, 1 H);
5.30-5.24 (m, 1 H); 5.13 (s, 2 H); 4.84 (s, 1
H); 4.24 (s, 2 H); 3.57 (s, 1 H); 3.27-2.93 (m,
13 H); 2.22 (s, 1 H); 2.1-1.6 (m, 8 H).
32 C (DMSO-d,, D20): 0 8.17 (d, ] = 9.91 Hz, 1 H); Parent
7.94 (d, ] = 8.01 Hz, 2 H); 7.533 (d, ] = 7.92 Hz,
2 H); 7.29-7.10 (m, 11 H); 7.07 (d, I = 8.19 Hz,
1 H); 6.98 (s, 1 H); 6.94-6.83 (m, 3 H);
6.50 (dd, J = 9.87, 6.02 Hz, 1 H); 5.77 (s, 1 H);
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5.14 (d, ] = 4.00 Hz, 2 H); 5.03-4.98 (im, 1 H);
454 (s, 1 H); 4.28-4.17 (m, 2 H);
3.68-3.62 (mm, 2 H); 3.43-3.26 (m, 4 H); 3.04 (s, 1 H);
2.72-2.56 (m, 5 H); 2.52-2.50 (mm, 4 H);
1.93-1.84 (m, 3 H); 1.75 (s, 1 H); 1.62-1.54 (mm, 3
H); 1.44 (s, 1 H); 1.31 (d, ] = 12.68 Hz, 1 H).
33 C (DMSO-d6): 6 8.28-8.16 (m, 4 H); Diformate
7.36-7.28 (m, 4 H); 7.25-7.18 (m, 2 H); 7.09 (d, ] = 8.2 Hz,
1 H); 6.96-6.87 (m, 3 H); 6.81-6.77 (I, 1
H); 6.53 (d, 7 =99 Hz, 1 H); 5.81 (d, ] = 9.0 Hz,
1 H); 5.13 (t, ] = 6.3 Hz, 1 H);
4.61-4.55 (m, 1 H); 4.02 (t, ] = 6.1 Hz, 2 H); 3.74 (d, ] = 6.3 Hz,
2 H); 3.16-3.06 (im, 1 H);
2.84-2.54 (m, 9 H); 2.30-2.21 (m, 1 H); 1.97-1.27 (m, 16
H); 1.14-1.02 (m, 2 H).
33A C (DMSO-d,, 110°C.): 0822 (d, ] =99 Hz, 1 Trifluoro-
H); 7.80-7.71 (m, 1 H); 7.38-7.34 (m, 4 H); acetate
7.32-7.22 (m, 2 H); 7.19 (d, ] = 8.3 Hz, 1 H);
7.05 (d, ] = 8.2 Hz, 1 H); 6.99-6.91 (m, 2 H);
6.88-6.81 (m, 1 H); 6.58 (d, ] = 9.8 Hz, 1 H);
587 (d, I =8.1 Hz, 1 H); 5.41-5.34 (m, 1 H);
4.99-4.94 (m, 1 H); 3.86-3.80 (m, 2 H);
3.75-3.63 (m, 1 H); 3.48-3.40 (m, 2 H);
3.37-2.95 (m, 13 H); 2.38-2.18 (m, 1 H); 2.13-1.75 (I,
11 H); 1.53-1.42 (m, 2 H); 1.29-1.17 (m, 2 H).
338 C (DMSO-d;): 0 8.31 (s, 2 H); 8.29-8.21 (m, 1 Diformate
H); 8.19 (d, ] = 9.9 Hz, 1 H); 7.88-7.81 (m, 1
H); 7.34-7.27 (m, 4 H); 7.26-7.17 (m, 2 H);
7.11 (d, J =82 Hz, 1 H); 6.97 (d, ] = 8.1 Hz, 1
H); 6.95-6.85 (m, 2 H); 6.81-6.75 (m, 1 H);
6.54 (d, ] = 9.9 Hz, 1 H); 5.90-5.71 (m, 1 H);
5.21 (dd, J = 8.5, 4.2 Hz, 1 H); 4.68-4.56 (m, 1
H); 3.74 (d, ] = 6.2 Hz, 2 H); 3.20-3.04 (m, 3
H); 2.96-2.54 (m, 9 H); 2.12-1.99 (m, 1 H);
2.05-1.83 (m, 1 H); 1.95-1.74 (m, 3 H);
1.80-1.539 (m, 6 H); 1.64-1.38 (m, 1 H);
1.44-1.29 (m, 3 H); 1.11-0.96 (m, 2 H).
34 C (DMSO-dg): 0 10.28 (brs, 1 H); 8.28 (s, 1 H); Diformate
8.23 (s, 2 H); 8.09 (d, ] =9.95 Hz, 1 H);
7.96 (d, ] = 8.04 Hz, 2 H); 7.52 (d, ] =7.99 Hz, 2
H); 7.39-7.13 (m, 10 H); 7.09-7.00 (m, 2 H);
6.97-6.83 (m, 3 H); 6.47 (d, ] = 9.88 Hz, 1 H);
5.82 (d, ] = 8.82 Hz, 1 H); 5.15 (s, 2 H);
5.07 (dd, I = 7.96,4.45 Hz, 1 H); 4.57 (s, 1 H);
4.45-4.39 (m, 2 H); 3.76-3.69 (m, 4 H);
3.16-3.05 (m, 1 H); 3.04 (s, 3 H); 2.77-2.61 (m, 6
H); 2.36-2.32 (m, 1 H); 1.94-1.75 (m, 2 H);
1.62-1.31 (m, 4 H).
35 A (DMSO-dg): 0 10.32 (s, 1 H); 8.65 (s, 1 H); Diformate
8.24 (s, 3 H); 8.09 (d, ] =9.93 Hz, 1 H);
8.02 (d, J = 805 Hz, 2 H); 7.57 (d, ] = 8.00 Hz, 2
H); 7.37-7.16 (m, 10 H); 7.10-7.02 (m, 2 H);
6.97-6.85 (m, 3 H); 6.48 (d, ] = 9.86 Hz, 2 H);
582 (d, ] =9.15 Hz, 1 H); 5.18 (s, 2 H);
5.10 (t, ] = 6.12 Hz, 1 H); 459 (s, 1 H); 4.31 (t, ] = 5.35 Hz,
2 H); 3.79-3.67 (im, 2 H);
3.52-3.46 (mm, 2 H); 3.20-3.08 (m, 1 H); 2.79-2.60 (m, 7
H); 1.93 (s, 1 H); 1.81 (s, 1 H); 1.72-1.26 (m,
3 H).
36 C (DMSO-dg): 0 10.29 (s, 1 H); 8.29-8.21 (m, 2 Formate
H); 8.08 (d, ] =9.92 Hz, 1 H); 7.95 (s, 1 H);
7.78 (d, I = 8.03 Hz, 2 H); 7.49 (d, ] = 7.98 Hz,
2 H); 7.42-7.17 (m, 13 H); 7.16 (d, ] = 8.27 Hz,
2 H); 7.09-7.01 (m, 2 H); 6.97-6.85 (m, 3
H); 6.47 (d, ] =9.86 Hz, 1 H); 5.82 (d, ] = 9.03 Hz,
1 H); 5.15 (s, 2 H); 5.10-5.04 (m, 1
H); 458 (s, 1 H); 4.40 (t, ] = 5.23 Hz, 2 H);
4.08 (t, ] =5.20 Hz, 2 H); 3.70 (s, 2 H);
3.18-3.04 (m, 1 H); 2.79-2.58 (m, 6 H); 1.91 (s, 1
H); 1.79 (s, 1 H); 1.68-1.26 (m, 4 H).
37 C (DMSO-dy): 0 10.28 (br s, 1 H); 8.26 (s, 1 H); Formate
8.23 (s, 2 H); 8.10 (d, ] =9.93 Hz, 1 H);
7.97 (d, ] = 8.02 Hz, 2 H); 7.54-7.47 (d, ] = 7.93 Hz,
2 H); 7.40 (d, ] = 8.26 Hz, 2 H); 7.34-7.16 (m,
& H); 7.09-7.00 (m, 2 H); 6.97-6.83 (m, 3 H);
6.48 (d, J] = 9.87 Hz, 1 H); 5.82 (d, ] = 8.95 Hz,
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1 H); 5.15 (s, 2 H); 5.08 (dd, ] = 7.91, 4.50 Hz,
1 H); 4.58 (s, 1 H); 4.44-4.37 (m, 2 H);
3.72 (s, 4 H); 3.45-3.40 (m, 2 H); 3.12 (m, 1
H); 2.77-2.57 (m, 7 H); 1.91 (s, 1 H); 1.80 (s,
1 H); 1.67-1.27 (m, 3 H); 1.11 (&, ] = 6.94 Hz,
3 H).
38 C (DMSO-dg): 0 10.3 (brs, 1 H); 8.34 (s, 1 H); Diformate
8.25 (s, 3 H); 8.10 (d, ] =9.93 Hz, 1 H);
798 (d, ] = 8.03 Hz, 2 H); 7.54 (d, ] = 7.96 Hz, 2
H); 741 (d, ] = 8.22 Hz, 2 H); 7.33-7.16 (m, 8
H); 7.10-7.02 (m, 2 H); 6.97-6.84 (m, 3 H);
6.48 (d, ] = 9.85 Hz, 1 H); 5.82 (d, ] = 8.99 Hz,
1 H); 5.16 (s, 2 H); 5.09 (dd, ] = 7.88, 4.50 Hz,
1 H); 4.58 (s, 1 H); 4.42-4.30 (m, 3 H);
3.73 (s, 2 H); 3.60 (t, ] = 6.30 Hz, 2 H);
3.22-3.04 (m, 1 H); 2.79-2.59 (m, 7 H); 1.91 (s, 1
H); 1.80 (s, 1 H); 1.66-1.30 (m, 3 H); 1.16 (d,
I =6.57 Hz, 6 H).
39 C (DMSO-dg): 0 10.29 (1, brs,); 836 (s, 1 H); Diformate
8.27 (s, 3 H); 8.10 (d, ] =9.92 Hz, 1 H);
7.98 (d, ] = 8.03 Hz, 2 H); 7.54 (d, ] = 7.99 Hz, 2
H); 742 (d, ] = 8.17 Hz, 2 H); 7.31-7.20 (m, 8
H); 7.11-7.00 (m, 2 H); 6.94 (t, ] = 7.56 Hz, 2
H); 6.88 (dd, J = 8.26, 2.55 Hz, 1 H); 6.49 (d,
I =984 Hz, 1 H); 5.82 (d, ] = 8.96 Hz, 1 H);
5.16 (s, 3 H); 4.62 (s, 1 H); 4.39-4.32 (m, 2
H); 3.99-3.85 (m, 1 H); 3.82 (s, 2 H);
3.72-3.34 (m, 2 H); 3.18 (s, 1 H); 2.85-2.56 (m, 6
H); 1.96 (s, 1 H); 1.83 (s, 1 H); 1.81-1.29 (m,
13 H); 1.18-1.04 (m, 1 H).
40 C (DMSO-dg): 0 10.44 (s, 1 H); 8.65 (s, 1 H); Formate
838 (d, ] =9.16 Hz, 1 H); 8.17-8.11 (m, 2 H);
7.92 (d, I = 8.03 Hz, 2 H); 7.50 (dd, ] = 8.33,
2.60 Hz, 4 H); 7.38-7.19 (m, 13 H); 7.10 (d, ] = 8.18 Hz,
1 H); 7.03 (s, 1 H); 6.97 (d, ] = 8.01 Hz,
2 H); 6.89 (dd, ] = 8.23, 2.57 Hz, 1
H); 6.53 (d, ] =9.86 Hz, 1 H); 5.83 (d, ] = 8.85 Hz,
1 H); 5.35 (d, ] =9.34 Hz, 1 H);
5.14 (s, 2 H); 4.81-4.68 (m, 3 H); 4.44-4.37 (m, 2
H); 4.05 (s, 2 H); 3.76 (s, 2 H); 3.51-2.81 (m,
8 H); 2.12 (s, 1 H); 1.96 (s, 1 H);
1.88-1.52 (m, 3 H).
41 C (DMSO-d,): 6 10.32 (br s, 1 H); 8.52 (s, 1 H); Diformate
8.31-8.19 (m, 3 H); 8.08 (d, ] = 9.93 Hz, 1 H);
791 (d, ] = 8.04 Hz, 2 H); 7.49 (d, ] = 8.05 Hz,
2 H); 7.43-7.10 (im, 14 H); 7.10-6.99 (m, 2 H);
6.97-6.82 (m, 3 H); 6.48 (d, ] = 9.86 Hz, 1 H);
5.82 (d, ] = 8.96 Hz, 1 H); 5.16-5.06 (i, 3 H);
4.67 (s, 2 H); 4.59 (s, 1 H); 4.42-4.35 (m, 2
H); 3.75 (s, 4 H); 3.14 (d, ] = 12.33 Hz, 1 H);
2.82-2.54 (m, 7 H); 1.93 (s, 1 H); 1.81 (s, 1
H); 1.71-1.27 (m, 3 H).
42 A (DMSO-d6): 0 8.27-8.18 (m, 2 H); 8.09 (d, ] = 9.9 Hz, Formate
1 H); 7.88 (d, ] = 8.1 Hz, 2 H);
7.52 (d, I = 8.0 Hz, 2 H); 7.32-7.18 (m, 6 H);
7.14 (d, ] = 8.3 Hz, 2 H); 7.08-6.99 (m, 2 H);
6.96-6.84 (m, 3 H); 6.74 (d, J = 8.3 Hz, 2 H);
646 (d, J =99 Hz, 1 H); 5.81 (d, ] = 9.4 Hz, 1 H);
5.14 (s, 2 H); 5.07 (dd, ] = 7.8, 4.6 Hz, 1 H);
4.56 (s, 1 H); 4.45-4.38 (m, 2 H);
3.77-3.69 (m, 2 H); 3.67 (s, 2 H); 3.09 (d, ] = 15.6 Hz, 1
H); 2.95 (s, 3 H); 2.74-2.64 (m, 6 H);
1.97-1.34 (m, 6 H).
43 C (DMSO-d6): 6 8.31-8.21 (m, 3 H); 8.10 (d, ] = 9.9 Hz, Diformate
1 H); 7.99 (d, ] = 8.1 Hz, 2 H);
7.57 (d, I = 8.0 Hz, 2 H); 7.37-7.17 (m, 8 H);
7.10-7.01 (m, 2 H); 6.99-6.85 (m, 5 H); 6.49 (d, ] = 9.9 Hz,
1 H); 5.81 (d, ] =9.3 Hz, 1 H);
5.23-5.08 (m, 4 H); 4.62-4.55 (m, 1 H); 3.76 (s, 2
H); 3.53-3.42 (m, 2 H); 3.22-3.08 (m, 3 H);
2.83-2.52 (m, 7 H); 2.09-1.99 (m, 2 H);
1.96-1.74 (m, 4 H); 1.66-1.29 (m, 3 H).
44 A (DMSO-d6): 6 8.28-8.20 (m, 3 H); 8.09 (d, ] = 9.9 Hz, Diformate
1 H); 7.98 (d, ] = 8.1 Hz, 2 H);
7.57 (d, I = 8.0 Hz, 2 H); 7.35-7.15 (m, 8 H);
7.08-7.01 (m, 2 H); 6.97-6.85 (m, 5 H); 6.48 (d, ] = 9.9 Hz,
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1 H); 5.82 (d, ] =9.1 Hz, 1 H); 5.18 (s,
2 H); 5.11 (t, J = 6.2 Hz, 1 H); 4.62-4.54 (i, 1
H); 4.20 (d, ] = 6.3 Hz, 2 H); 3.77-3.66 (m, 4
H); 3.18-3.08 (m, 1 H); 2.82-2.42 (m, 9 H);
1.96-1.75 (m, 5 H); 1.67-1.29 (m, 5 H).
45 C (DMSO-dg): 0 10.30 (s, 1 H); 8.29-8.18 (m, 3 Diformate
H); 813 (d, ] =9.93 Hz, 1 H); 7.97 (d, ] = 8.07 Hz,
2 H); 7.72 (d, I = 8.07 Hz, 2 H);
7.60-7.48 (m, 4 H); 7.33-7.19 (m, 6 H);
7.05 (d, I = 5.55 Hz, 2 H); 6.96-6.85 (in, 3 H);
647 (d, J =987 Hz, 1 H); 5.82 (d, ] =9.13 Hz, 1
H); 5.18 (s, 2 H); 5.07 (dd, T = 7.94, 4.33 Hz,
1 H); 4.59 (s, 1 H); 440 (t, ] = 5.11 Hz, 2 H);
3.83 (s, 2 H); 3.38 (t, ] = 5.30 Hz, 2 H);
3.13 (t, ] =10.60 Hz, 1 H); 2.78 (s, 3 H);
2.73-2.61 (m, 6 H); 1.99-1.72 (m, 2 H); 1.70-1.26 (i, 4
H).
46 C (DMSO-dg): 0 10.27 (br s, 1 H); 8.31 (s, 1 H); Formate
8.22 (d, ] =9.80 Hz, 1 H); 8.10 (d, ] =9.93 Hz,
1 H); 7.95 (d, ] = 8.05 Hz, 2 H); 7.56 (d, ] = 8.01 Hz,
2 H); 7.33-7.17 (m, 9 H);
7.08-7.00 (m, 2 H); 6.97-6.85 (m, 4 H); 6.45 (d, ] = 9.86 Hz,
1 H); 5.81 (d, ] =9.39 Hz, 1 H); 5.17 (s, 2
H); 5.05 (dd, J = 8.05, 4.38 Hz, 1 H); 4.56 (s,
1 H); 4.40-4.33 (m, 2 H); 3.72 (s, 2 H); 3.4 (s,
2 H); 3.17-3.01 (Im, 2 H); 2.71-2.63 (mm, 6 H);
2.37-2.33 (m, 9 H); 1.94-1.69 (m, 2H);
1.64-1.24 (m, 4H).
47 C (DMSO-dg): 0 10.31 (brs, 1 H); 8.25 (d, ] = 9.26 Hz, Formate
1 H); 8.20 (s, 1 H); 8.10 (d, J = 9.93 Hz,
1 H); 7.95 (d, ] = 8.05 Hz, 2 H); 7.57 (d, ] = 8.00 Hz,
2 H); 7.37-7.15 (m, 10 H);
7.07-7.02 (m, 2 H); 6.96-6.86 (m, 3 H); 6.46 (d, ] = 9.87 Hz,
1 H); 5.82 (d, ] = 8.61 Hz, 1 H);
5.18 (s, 2 H); 5.08 (dd, ] = 7.98, 4.35 Hz, 1 H);
459 (s, 1 H); 4.39 (t, ] =5.53 Hz, 2 H);
376 (s, 2 H); 3.34 (s, 2 H); 3.15 (m, 1 H);
2.80-2.61 (m, 7 H); 2.23 (s, 3 H); 1.97-1.73 (m, 2
H); 1.67-1.30 (m, 5 H).
48 C (DMSO-d,, 105° C.): 0 8.21-8.15 (m, 3 H); Diformate
7.58 (s, 1 H); 746 (d, ] = 7.9 Hz, 2 H);
7.41-7.29 (m, 7 H); 7.29-7.20 (m, 6 H);
7.07-7.00 (m, 2 H); 6.97-6.85 (m, 3 H); 6.47 (d, ] = 9.9 Hz,
1 H); 5,83 (d, ] =7.2 Hz, 1 H); 5.11 (s, 2
H); 498 (dd, J = 7.7, 4.9 Hz, 1 H);
4.66-4.58 (m, 3 H); 3.40-3.25 (m, 2 H); 3.08 (dd, J = 14.4,
8.3 Hz, 1 H); 2.78-2.56 (m, 9 H);
1.93-1.89 (m, 1 H); 1.81-1.70 (m, 1 H);
1.70-1.56 (m, 3 H); 1.53-1.44 (m, 1 H); 1.36-1.27 (m, 1
H).
48A C (DMSO-d,, 105° C.): 0 8.18-8.13 (m, 3 H); Diformate
7.57 (d, ] =9.1 Hz, 1 H); 7.48-7.37 (m, 3 H);
7.37-7.19 (m, 12 H); 7.07-6.99 (m, 2 H);
6.96-6.89 (m, 2 H); 6.87 (dd, ] = 8.1, 2.6 Hz, 1 H);
646 (d, J =99 Hz, 1 H); 5.83 (d, ] = 8.1 Hz, 1
H); 5.10 (s, 2 H); 498 (dd, ] = 7.6, 4.9 Hz, 1
H); 4.65-4.59 (m, 1 H); 4.57 (s, 2 H);
3.38-3.27 (m, 2 H); 3.10 (m, 1 H); 2.77-2.50 (m, 9
H); 1.93-1.89 (m, 1 H); 1.72-1.43 (m, 5 H);
1.35-1.28 (m, 1 H).
488 C (DMSO-dg, 105° C.): 0 8.19-8.15 (m, 3 H); Diformate
7.54 (s, 1 H); 7.36-7.18 (m, 11 H);
7.05-6.82 (m, 6 H); 6.56 (d, ] =3.4 Hz, 1 H); 6.46 (d, ] = 9.9 Hz,
1 H); 5.82 (d, ] = 8.1 Hz, 1 H); 5.06 (s,
2 H); 499 (dd, ] = 7.5, 48 Hz, 1 H); 4.72 (s, 2
H); 4.62-4.59 (m, 1 H); 3.52-3.45 (m, 2 H);
3.08 (m, 1 H); 2.76-2.57 (m, 9 H); 1.90 (d, ] = 3.8 Hz,
1 H); 1.77-1.55 (Im, 4 H);
1.54-1.41 (m, 1 H); 1.38-1.26 (m, 1 H).
49 C (DMSO-dg, 110° C.): 0 8.22-8.10 (m, 3 H); Diformate
7.50 (s, 1 H); 743 (d, J = 7.9 Hz, 2 H);
7.34-7.25 (m, 6 H); 7.25-7.17 (m, 2 H);
7.08-7.00 (m, 2 H); 6.95-6.85 (m, 3 H); 6.45 (d, ] = 9.9 Hz,
1 H); 5.81 (d, ] =7.2 Hz, 1 H); 5.09 (s, 2
H); 5.01-4.96 (m, 1 H); 4.62-4.57 (m, 1 H);
3.55-3.30 (m, 6 H); 3.07 (dd, ] = 14.4, 8.4 Hz,
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1 H); 2.79-2.59 (m, 9 H); 1.93-1.86 (in, 1 H);
1.73-1.534 (m, 6 H); 1.52-1.41 (m, 1 H);
1.35-1.22 (m, 1 H); 1.12-1.05 (m, 3 H).
50 C (DMSO-d,, 110° C.): 0 8.19 (d, ] = 9.9 Hz, 1 Diformate
H); 815 (s, 2 H); 7.55 (d, ] =9.3 Hz, 1 H);
7.46 (d, ] =7.9 Hz, 2 H); 7.35-7.28 (m, 6 H);
7.27-7.20 (m, 2 H); 7.09-7.00 (m, 2 H);
6.98-6.86 (m, 3 H); 6.48 (d, J] = 9.9 Hz, 1 H);
584 (d, ] =7.8 Hz, 1 H); 5.11 (s, 2 H); 5.01 (dd, T = 7.5,
4.9 Hz, 1 H); 4.65-4.60 (m, 1 H);
3.84-3.78 (mm, 2 H); 3.40-3.24 (m, 6 H); 3.11 (dd, ] = 14.4,
8.3 Hz, 1 H); 2.83-2.53 (m, 11 H);
1.94-1.90 (m, 1 H); 1.831.73 (m, 1 H);
1.71-1.57 (m, 3 H); 1.57-1.46 (m, 3 H);
1.38-1.30 (m, 1 H); 1.17-1.10 (m, 1 H).
51 C (DMSO-dg, @ 110° C.): 0 8.23-8.14 (m, 3 H); Diformate
7.53 (s, 1 H); 7.45 (d, J = 7.81 Hz, 2 H);
7.34-7.28 (m, 6 H); 7.28-7.20 (m, 2 H);
7.10-7.01 (m, 2 H); 6.98-6.85 (m, 3 H); 6.47 (d, ] = 9.91 Hz,
1 H); 5,83 (d, ] = 6.70 Hz, 1 H); 5.11 (s, 2
H); 5.03-4.96 (m, 1 H); 4.64-4.59 (m, 1 H);
338 (t, ] =743 Hz, 2 H); 3.29 (d, ] = 7.75 Hz,
2 H); 3.09 (dd, ] = 14.48, 8.28 Hz, 1 H);
2.81-2.53 (m, 9 H); 2.25-2.15 (m, 1 H); 1.91 (s, 1
H); 1.83-1.47 (m, 11 H); 1.38-1.26 (m, 1 H);
1.15 (s, 2 H).
52 C (DMSO-d,, 85° C.): 0 8.23-8.13 (m, 3 H); Diformate
772 (s, 1 H); 747 (d, J = 7.9 Hz, 2 H); 7.39 (d, ] = 7.9 Hz,
2 H); 7.33-7.18 (m, 7 H);
7.07-7.01 (m, 2 H); 6.96-6.80 (m, 6 H); 6.47 (d, ] = 9.9 Hz,
1 H); 5.82 (d, ] = 8.1 Hz, 1 H); 5.10 (s, 2
H); 5.00-4.94 (m, 1 H); 4.63-4.55 (m, 3 H);
3.76 (s, 3 H); 3.38-3.28 (m, 2 H); 3.08 (m, 1
H); 2.74-2.47 (m, 9 H); 1.90 (s, 1 H);
1.73-1.54 (m, 4 H); 1.52-1.43 (m, 1 H); 1.31 (t, ] = 10.8 Hz,
1 H).
53 C (DMSO-dg, @ 105° C.): 0 8.18 (m, 3 H); Diformate
7.58 (s, 1 H); 7.49-7.36 (m, 4 H); 7.33-7.26 (m, 3
H); 7.25-7.19 (m, 3 H); 7.11-7.01 (m, 5 H);
6.97-6.85 (m, 4 H); 6.46 (d, ] = 4.49 Hz, 1 H);
583 (d, ] =7.90 Hz, 1 H); 5.11 (s, 2 H);
4.99 (dd, T = 7.57,4.84 Hz, 1 H); 4.65-4.59 (m, 1
H); 4.55 (s, 2 H); 3.37-3.29 (i, 2 H);
3.10 (dd, I = 14.45, 8.31 Hz, 1 H); 2.80-2.52 (in, 9
H); 2.31 (s, 3 H); 1.94-1.90 (m, 1 H);
1.75-1.54 (m, 4 H); 1.54-1.44 (m, 1 H);
1.37-1.26 (m, 1 H).
54 C (DMSO-dg, 110° C.): 0 8.18-8.16 (m, 3 H); Diformate
7.55 (m, 1 H); 7.47-7.21 (m, 14 H); 7.06-7.02 (m, 2
H); 6.96-6.88 (m, 3 H); 6.48 (d, ] =9.6 Hz, 1
H); 5.84 (d, ] = 8.0 Hz, 1 H); 5.11 (s, 2 H);
4.99-4.96 (m, 1 H); 4.63-4.60 (m, 3 H);
3.35-3.32 (mm, 2 H); 3.10-3.06 (m, 1 H);
2.75-2.33 (m, 9 H); 1.92-1.90 (m, 1 H); 1.80-1.60 (m, 4
H); 1.50-1.48 (m, 1 H); 1.40-1.30 (m, 1 H).
55 C (DMSO 110° C.): 0 8.19 (s, 2 H); 8.14 (d, ] = 9.8 Hz, Diformate
1 H); 7.59-7.54 (m, 5 H); 7.44 (d, ] = 8.1 Hz,
3 H); 7.38-7.33 (i, 2 H);
7.31-7.25 (m, 4 H); 7.24-7.17 (m, 2 H); 7.05-6.98 (m, 2
H); 6.94-6.83 (m, 3 H); 6.44 (d, ] =9.9 Hz, 1
H); 5.81 (s, 1 H); 5.09 (s, 2 H); 4.96-4.91 (m,
1 H); 4.68 (s, 2 H); 4.61-4.56 (m, 1 H);
3.38-3.29 (mm, 2 H); 3.05 (dd, ] = 14.4, 8.3 Hz, 1 H);
2.73-2.57 (m, 8 H); 1.88 (s, 1 H); 1.73 (s, 1
H); 1.68-1.53 (m, 3 H); 1.50-1.42 (m, 1 H);
1.33-1.24 (m, 1 H).
56 C (DMSO-dg, @ 110° C.): 0 8.19-8.14 (m, 3 H); Formate
7.53 (s, 1 H); 7.49-7.35 (m, 4 H);
7.33-7.26 (m, 4 H); 7.25-7.14 (m, 6 H); 7.06-7.01 (m, 2
H); 6.96-6.85 (m, 3 H); 6.46 (d, ] =9.90 Hz, 1
H); 5.83 (d, ] =5.94 Hz, 1 H); 5.10 (s, 2 H);
4.96 (dd, J = 7.55, 4.90 Hz, 1 H); 4.65-4.57 (m,
3 H); 3.34-3.27 (m, 2 H); 3.08 (dd, ] = 14.46,
8.33 Hz, 1 H); 2.78-2.52 (m, 8 H); 2.21 (s, 3
H); 1.93-1.89 (m, 1 H); 1.76-1.54 (m, 4 H);
1.52-1.46 (m, 1 H); 1.36-1.28 (m, 1 H).
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57 C (DMSO-d,, @ 110° C.): 0 8.17-8.13 (m, 3 H); Diformate

771 (t,J = 7.16 Hz, 2 H); 7.56-7.39 (m, 7 H);
7.33-7.27 (m, 4 H); 7.26-7.19 (m, 2 H);
7.07-7.00 (m, 2 H); 6.96-6.85 (m, 3 H); 6.45 (d, J = 9.90 Hz,
1 H); 5.85-5.80 (m, 1 H); 5.10 (s, 2
H); 497 (dd, J = 7.63, 4.82 Hz, 1 H); 4.81 (s,
2 H); 4.65-4.60 (m, 1 H); 3.38 (t, J = 7.38 Hz,
2 H); 3.11 (dd, T = 14.40, 8.29 Hz, 1 H);
2.79-2.53 (m, 9 H); 1.94-1.90 (m, 1 H);
1.78-1.56 (m, 4 H); 1.55-1.46 (m, 1 H); 1.38-1.27 (m, 1
H).
58 C (DMSO-d,, 110° C.): & 8.17-8.08 (m, 3 H); Diformate
7.49 (d, T = 9.5 Hz, 1 H); 7.42-7.08 (m, 12 H);
7.04-6.95 (m, 2 H); 6.93-6.81 (m, 5 H);
642 (d, 7 = 10.0 Hz, 1 H); 5.78 (d, ] = 7.6 Hz, 1 H);
5.14-4.99 (m, 2 H); 4.98-4.92 (m, 1 H);
4.59-4.54 (m, 1 H); 4.46 (s, 2 H); 3.78-3.63 (m, 3
H); 3.30-3.20 (m, 2 H); 3.05 (dd, J = 14.4, 8.3 Hz,
| H); 2.74-2.53 (m, 9 H); 1.89-1.85 (m, 1
H); 1.71 (s, 1 H); 1.65-1.51 (m, 3 H);
1.49-1.40 (m, 1 H); 1.32-1.21 (m, 1 H).
59 C (DMSO-d,, 110° C.): & 8.17-8.05 (m, 3 H): Diformate
7.48 (s, 1 H); 7.41 (d, J = 8.0 Hz, 2 H);
7.37-7.22 (m, 9 H); 7.18 (t, ] = 7.5 Hz, 3 H);
7.04-6.96 (m, 2 H); 6.91-6.80 (m, 3 H); 6.42 (d, J = 9.9 Hz,
1 H); 5.78 (d, T = 7.7 Hz, 1 H); 5.06 (s,
2 H); 4.97-4.90 (m, 1 H); 4.67-4.49 (m, 3 H);
3.32-3.25 (m, 2 H): 3.06 (dd, J = 14.4, 8.3 Hz,
1 H); 2.74-2.55 (m, 9 H); 1.87 (s, 1 H);
1.72 (s, 1 H); 1.65-1.52 (m, 3 H); 1.49-1.43 (m, 1
H); 1.28 (m, 1 H).
60 C (DMSO-d,, 110° C.): & 8.14-8.09 (m, 3 H); Diformate
7.49 (d, T = 9.2 Hz, 1 H); 7.42-7.29 (m, 4 H);
7.29-7.12 (m, & H); 7.04-6.95 (m, 2 H);
6.97-6.81 (m, 5 H); 6.42 (dd, T = 9.9, 4.2 Hz, 1 H);
578 (d, T = 7.6 Hz, 1 H); 5.05 (s, 2 H);
494 (dd, J = 7.5, 4.9 Hz, 1 H); 4.60-4.54 (m, 1 H);
451 (s, 2 H); 3.72 (s, 3 H); 3.33-3.25 (m, 2
H); 3.04 (dd, J = 14.4, 8.2 Hz, 1 H);
2.75-2.48 (m, 9 H); 1.88-1.84 (m, 1 H); 1.76-1.67 (m, 1
H); 1.65-1.50 (m, 3 H); 1.49-1.39 (m, 1 H);
1.32-1.20 (m, 1 H).
61 C (DMSO-d,, 110° C.): & 8.21-8.10 (m, 3 H); Diformate
7.55 (s, 1 H); 7.48-7.36 (m, 7 H);
7.34-7.19 (m, 7 H); 7.08-6.98 (m, 2 H); 6.96-6.86 (m, 3
H); 6.45 (dd, J = 9.9, 6.4 Hz, 1 H); 5.83 (d, ] = 7.7 Hz,
1 H); 5.11 (s, 2 H); 4.98 (dd, J = 7.6,
4.8 Hz, 1 H); 4.70 (s, 2 H); 4.67-4.61 (m, 1
H); 3.39-3.32 (m, 2 H); 3.11 (dd, T = 14.4, 8.3 Hz,
1 H); 2.80-2.52 (m, 9 H); 1.95-1.90 (m, 1
H); 1.84-1.74 (m, 1 H); 1.71-1.56 (m, 3 H);
1.55-1.45 (m, 1 H); 1.38-1.27 (m, 1 H).
62 C (DMSO-d,, 110° C.): & 8.16-8.11 (m, 3 H); Diformate
7.51 (s, 1 H); 7.44-7.23 (m, 10 H);
7.24-7.08 (m, 4 H); 7.05-6.98 (m, 2 H); 6.94-6.83 (m, 3
H); 6.46-6.42 (m, 1 H); 5.81 (d, J = 7.7 Hz, 1
H); 5.28-4.85 (m, 2 H); 4.96 (dd, J = 7.7, 5.0 Hz,
| H); 4.64-4.57 (m, 3 H); 3.37-3.28 (m, 2
H); 3.08 (dd, J = 14.4, 8.3 Hz, 1 H);
2.74-2.58 (m, 8 H); 1.92-1.88 (m, 1 H); 1.80-1.61 (m, 1
H); 1.69-1.55 (m, 4 H); 1.52-1.42 (m, 1 H);
1.35-1.25 (m, 1 H).
63 C (DMSO-d,, 110° C.): & 8.17-8.11 (m, 3 H); Diformate
751 (d,J=9.7 Hz, 1 H); 7.44 (d, ] = 7.9 Hz, 2
H); 7.38-7.31 (m, 2 H); 7.30-7.25 (m, 6 H);
7.24-7.18 (m, 2 H); 7.13-7.05 (m, 2 H);
7.05-6.98 (m, 2 H); 6.93-6.82 (m, 3 H); 6.44 (d, J = 9.9 Hz,
1 H); 5.81 (d, T = 7.5 Hz, 1 H); 5.08 (s,
2 H); 4.97-4.93 (m, 1 H); 4.61-4.56 (m, 1 H);
4.55 (s, 2 H); 3.33-3.26 (m, 2 H);
3.11-3.02 (m, 1 H); 2.79-2.55 (m, 9 H); 1.91-1.87 (m, 1
H); 1.81-1.69 (m, 1 H); 1.65-1.56 (m, 3 H);
1.48 (dd, J = 10.1, 5.7 Hz, 1 H); 1.30 (s, 1 H).
64 C (DMSO-d,, 110° C.): & 8.19-8.12 (m, 3 H); Diformate
7.52 (s, 1 H); 7.48-7.27 (m, 12 H);
7.27-7.19 (m, 2 H); 7.07-7.01 (m, 2 H); 6.97-6.87 (m, 3
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H); 646 (d, ] =99 Hz, 1 H); 5.83 (d, ] = 6.4 Hz,
1 H); 5.11 (s, 2 H); 5.00-4.94 (m, 1 H);
4.70 (s, 2 H); 4.65-4.59 (m, 1 H);
3.40-3.30 (m, 2 H); 3.09 (dd, J = 14.3, 8.2 Hz, 1 H);
2.77-2.58 (m, 9 H); 1.94-1.86 (m, 1 H);
1.83-1.71 (m, 1 H); 1.70-1.58 (m, 3 H);
1.51-1.47 (m, 1 H); 1.38-1.22 (m, 1 H).
635 C (DMSO-d,, 110° C.): 0 8.19-8.13 (m, 3 H); Diformate
7.53 (s, 1 H); 7.50-7.43 (m, 2 H);
7.40-7.19 (m, 12 H); 7.08-7.02 {(m, 2 H); 6.96-6.85 (mm, 3
H); 647 (d, ] =99 Hz, 1 H); 5.83 (d, ] = 7.9 Hz,
2 Hy; 5.11 (s, 2 H); 4.99 (dd, J = 7.7, 4.9 Hz,
1 H); 4.68-4.55 (m, 3 H); 3.36-3.29 (m, 2
H); 3.11 (dd, ] = 14.4, 8.2 Hz, 1 H);
2.79-2.59 (m, 8 H); 1.94-1.90 (m, 1 H); 1.84-1.71 (m, 1
H); 1.69-1.59 (m, 3 H); 1.52-1.47 (m, 1 H);
1.36-1.29 (m, 1 H).
66 C (DMSO-dg, 110°C.): 0 8.17 (d, ] =99 Hz, 1 Ditrifluoro-
H); 7.83 (d, ] = 8.5 Hz, 1 H); 7.70 (d, ] = 8.0 Hz, acetate
2 H); 7.51-7.40 (m, 6 H); 7.33-7.20 (m, 6
H); 7.14 (d, ] = 8.2 Hz, 1 H); 7.06-6.94 (I, 3
H); 6.92 (dd, ] = 8.2, 2.5 Hz, 1 H); 6.55 (d, ] = 9.9 Hz,
1 H); 5.84 (d, T = 8.6 Hz, 1 H);
533 (dd, I =7.7,53 Hz, 1 H); 5.11 (s, 2 H);
4.95-4.90 (m, 1 H); 4.69 (s, 2 H); 3.66 (ddd, ] = 13.9,
8.5,2.5 Hz, 1 H); 3.49-3.41 (m, 2 H);
3.33-2.98 (m, 9 H); 2.25 (d, ] = 4.3 Hz, 1 H);
2.06-1.74 (m, 6 H).
67 C (DMSO-dg, 110°C.): 08.17 (d, ] =99 Hz, 1 Ditrifluoro-
H); 7.82 (d, ] = 89 Hz, 1 H); 7.48 (d, ] = 8.0 Hz, acetate
2 H); 743 (d, ] = 8.0 Hz, 2 H); 7.32 (d, ] = 4.3 Hz,
4 H); 7.30-7.22 (m, 2 H);
7.20-7.10 (m, 5 H); 7.03-6.88 (m, 4 H); 6.56 (d, ] = 9.9 Hz,
1 H); 5.84 (d, ] = 8.6 Hz, 1 H);
5.33-5.30 (m, 1 H); 5.11 (s, 2 H); 4.95-4.90 (m, 1 H);
4.54 (s, 2 H); 3.66 (ddd, T = 14.0, 8.5, 2.7 Hz, 2
H); 3.46-2.98 (m, 11 H); 2.30 (s, 3 H);
2.25 (m, 1 H); 2.05-1.75 (m, 7 H)
6% C (DMSO-d,, 110° C.): 0 8.19-8.14 (m, 3 H); Diformate
753 (s, 1 H); 745 (d, I = 7.89 Hz, 2 H); 7.38 (t, ] = 7.29 Hz,
2 H); 7.33-7.26 (m, 4 H);
7.25-7.18 {(m, 2 H); 7.06 (dd, J = 16.23, 8.13 Hz, 3 H);
6.97-6.85 (m, 3 H); 6.57-6.45 (m, 3 H);
583 (d,IT=727Hz 1H); 511 (s, 2 H); 4.99 (dd, ] = 7.52,
4.95 Hz, 1 H); 4.64-4.58 (m, 1 H);
447 (s, 2 H); 3.82-3.73 (m, 3 H);
3.79-3.71 (m, 3 H); 3.33-3.27 (m, 2 H); 3.09 (dd, J = 14.47,
8.28 Hz, 1 H); 2.78-2.52 (m, 9 H);
1.93-1.89 (m, 1 H); 1.79-1.70 (m, 1 H);
1.68-1.55 (m, 3 H); 1.53-1.44 (m, 1 H);
1.35-1.26 (m, 1 H).
69 C (DMSO-d, 110° C.): 0 8.25-8.12 (m, 3 H); Diformate
753 (s, 1 H); 746 (d, ] = 7.9 Hz, 2 H);
7.32 (d, ] = 5.8 Hz, 6 H); 7.28-7.20 (m, 2 H);
7.09 (d, ] =81 Hz, 1 H); 7.04 (s, 1 H);
6.98-6.86 (m, 3 H); 6,48 (d, ] =9.9 Hz, 1 H); 5.84 (d, ] = 7.8 Hz,
1 H); 5.11 (s, 2 H); 5.06-4.99 (m, 1
H); 4.65-4.60 (m, 1 H); 4.05 (d, ] = 8.6 Hz, 1
H); 3.32-3.21 (, 2 H); 3.10 (dd, ] = 14.4, 8.4 Hz,
1 H); 2.82-2.53 (m, 9 H); 1.91 (s, 1 H);
1.78-1.56 (m, 11 H); 1.49-1.43 (m, 2 H);
1.32 (m, 1 H).
70 C (DMSO-dg, 110° C.): 0 8.22-8.14 (m, 3 H); Diformate
753 (s, 1 H); 7.45 (d, T = 7.8 Hz, 2 H);
7.33-7.28 (m, 6 H); 7.26-7.19 (m, 2 H);
7.09-7.03 (m, 2 H); 6.97-6.86 (m, 3 H); 6.47 (d, ] = 9.9 Hz,
1 H); 5.84 (d, ] =7.2 Hz, 1 H); 5.11 (s, 2
H); 5.02-4.97 (m, 1 H); 4.64-4.59 (m, 1 H);
3.40-3.31 (m, 2 H); 3.25-3.18 (m, 2 H);
3.09 (dd, J = 14.5, 8.3 Hz, 1 H); 2.81-2.54 (m, 8 H);
1.91 (d, J =4.0 Hz, 1 H); 1.72-1.41 (m, 11 H);
1.34-1.12 (m, 5 H); 0.86 (m, 2 H).
71 C (DMSO-d, 110° C.): 0 8.20-8.07 (m, 3 H); Diformate
7.51-7.38 (m, 3 H); 7.30-7.15 (m, 8 H);
7.07-6.96 (m, 2 H); 6.93-6.81 (m, 3 H); 6.43 (d, ] = 9.9 Hz,
1 H); 579 (d, ] =7.9 Hz, 1 H);
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5.14-5.01 (m, 2 H); 5.01-4.94 (m, 1 H);

4.60-4.55 (m, 1 H); 3.46-3.32 (m, 2 H); 3.16 (d, ] = 6.9 Hz,
2 H); 3.05 (dd, I = 14.5, 8.4 Hz, 1 H);

2.79-2.49 (m, 9 H); 1.87 (s, 1 H);

1.73-1.52 (m, 4 H); 1.45 (m, 1 H); 1.35-1.20 (m, 1 H);
0.97-0.82 (m, 1 H); 0.46-0.39 (m, 2 H);

0.09 (d, ] = 5.1 Hz, 2 H).

72 C (DMSO-d,, 110° C.): 0 8.19-8.12 (m, 3 H); Diformate
7.52 (s, 1 H); 7.48-7.39 (m, 2 H);
7.32-7.26 (m, 6 H); 7.24-7.17 (m, 2 H); 7.08-6.98 (m, 2
H); 6.95-6.83 (m, 3 H); 6.45 (d, ] =9.9 Hz, 1
H); 581 (d, I =7.5 Hz, 1 H); 5.26-4.93 (m, 2
H); 5.04-4.95 (m, 1 H); 4.60 (ddd, ] = 8.3, 3.9,

3.7 Hz, 1 H); 3.38-3.30 (Im, 2 H); 3.15 (t, ] = 7.4 Hz,

2 H); 3.08 (dd, ] = 14.5, 8.3 Hz, 1 H);

2.77-2.57 (m, 8 H); 1.94-1.87 (m, 2 H);

1.81-1.69 (m, 1 H); 1.69-1.54 (m, 4 H);

1.52-1.43 (m, 1 H); 1.35-1.25 (m, 1 H); 0.87-0.76 (m, 6
H).

73 C (DMSO-d,, 110° C.): 0 8.21-8.13 (m, 2 H); Diformate
7.55 (d, I =9.0 Hz, 1 H); 7.38-7.28 (mm, 8 H);
7.28-7.20 (m, 2 H); 7.09 (d, ] = 8.1 Hz, 1 H);
6.99-6.89 (m, 3 H); 6.85-6.80 (m, 1 H);

646 (d, J =99 Hz, 1 H); 5.83 (d, ] = 8.5 Hz, 1 H);
5.08 (dd, I =7.6,4.7 Hz, 1 H); 4.67-4.61 (m, 1

H); 4.05 (d, ] = 13.2 Hz, 3 H); 3.91-3.85 (m, 2

H); 3.82 (s, 2 H); 3.12 (dd, ] = 14.4, 8.3 Hz, 1

H); 3.01-2.92 (m, 2 H); 2.91-2.52 (m, 5 H);
2.09-2.01 (m, 1 H); 1.95-1.91 (m, 1 H);

1.83-1.75 (m, 3 H); 1.69-1.59 (m, 1 H);

1.56-1.46 (m, 1 H); 1.38-1.24 (m, 4 H).

74 C (DMSO-dg, 110° C.): 0 8.19-8.13 (m, 2 H); Formate
7.56 (d, ] = 8.9 Hz, 1 H); 7.36-7.28 (m, 6 H);
7.27-7.19 (m, 2 H); 7.08 (d, ] = 8.2 Hz, 1 H);
6.99-6.87 (m, 4 H); 6.83 (dd, ] = 8.3, 2.5 Hz, 1
H); 647 (d, ] =9.9 Hz, 1 H); 5.85-5.81 (m, 1
H); 5.06 (dd, J = 7.5, 4.9 Hz, 1 H);
4.67-4.61 (m, 1 H); 4.11-4.00 (m, 2 H); 3.91-3.83 (m, 2
H); 3.80 (s, 3 H); 3.78 (s, 2 H); 3.12 (dd, ] = 14.4,

8.3 Hz, 1 H); 3.03-2.91 (m, 2 H);

2.88-2.62 (m, 5 H); 2.64-2.44 (m, 2 H);

2.09-2.00 (m, 1 H); 1.95-1.91 (m, 1 H); 1.86-1.76 (m, 3
H); 1.69-1.58 (m, 1 H); 1.56-1.46 (m, 1 H);

1.38-1.25 (m, 3 H).

75 C (DMSO-dg, 110° C.): 0 8.19 (d, ] =99 Hz, 1 Formate
H); 7.83 (d, ] = 8.7 Hz, 1 H); 7.38-7.29 (m, 7
H); 7.30-7.22 (m, 3 H); 7.16 (d, ] = 8.2 Hz, 1
H); 7.02 (d, ] = 8.1 Hz, 1 H); 6.96-6.89 (m, 2
H); 6.84 (dd, ] = 8.2, 2.5 Hz, 1 H); 6.57 (d, ] = 9.9 Hz,

1 H); 5.84 (d, ] = 8.7 Hz, 1 H);

5.37 (dd, I =7.9,5.0 Hz, 1 H); 4.96-4.91 (m, 1 H);
405 (d,JT=12.3 Hz, 2 H); 3.88 (d, ] = 6.2 Hz,

2 H); 3.66 (ddd, T = 13.9, 84, 2.6 Hz, 1 H);
3.36-2.90 (m, 11 H); 2.28-2.24 (m, 1 H);

2.08-1.77 (m, 8 H); 1.37-1.27 (m, 3 H).

76 C (DMSO-dg, 110° C.): 0 8.25-8.12 (m, 3 H); Diformate
7.62-7.41 (m, 1 H); 7.56-7.25 (m, 4 H);
7.34-7.28 (m, 4 H); 7.26-7.19 (m, 2 H); 7.08 (d, ] = 8.1 Hz,
1 H); 6.99-6.87 (m, 3 H);
6.87-6.79 (m, 1 H); 6.48 (d, J] = 9.9 Hz, 1 H);
5.86-5.79 (m, 1 H); 5.05-4.99 (m, 1 H); 4.65-4.60 (m, 1
H); 4.11-4.01 (m, 2 H); 3.89 (d, ] = 6.2 Hz, 2
H); 3.10 (dd, ] = 14.4, 85 Hz, 1 H);
3.06-2.89 (m, 4 H); 2.84-2.46 (m, 12 H); 2.11-2.02 (m, 1
H); 1.94-1.90 (m, 1 H); 1.83-1.55 (m, 6 H);
1.54-1.45 (m, 1 H); 1.36-1.25 (m, 3 H).

77 C (DMSO-dg): 0 8.72 (t, ] = 5.6 Hz, 1 H); Formate
832 (s, 3 H); 8.26 (d, ] =9.3 Hz, 1 H); 8.19 (d, ] = 9.9 Hz,
1 H); 7.90 (d, ] = 8.0 Hz, 2 H);

7.46 (d, I = 8.0 Hz, 2 H); 7.35-7.27 (m, 3 H);

7.25-7.18 (m, 2 H); 7.10 (d, ] = 8.2 Hz, 1 H);

6.99-6.88 (m, 3 H); 6.83-6.77 (m, 1 H); 6.52 (d, ] = 9.9 Hz,
1 H); 5.81 (d, ] = 8.9 Hz, 1 H);

5.20 (dd, ] = 8.2, 4.4 Hz, 1 H); 4.68-4.43 (m, 2 H);

3.83 (d, ] = 6.3 Hz, 2 H); 3.60-3.46 (m, 1 H);

3.37-3.30 (mm, 2 H); 3.19-3.05 (mm, 2 H);
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2.88-2.52 (m, 9 H); 2.13-1.93 (m, 1 H);

2.03-1.55 (m, 7 H); 1.62-1.35 (m, 2 H); 1.49-1.12 (m, 4

H).

(DMSO-d,, 110° C.): 8 8.10 (d, J = 9.9 Hz, 1

H); 7.83 (d, J = 8.6 Hz, 1 H); 7.45 (d, ] = 8.2 Hz,
2 H); 7.35-7.22 (m, 6 H); 7.12 (d, ] = 8.2 Hz,

1 H); 7.03-6.96 (m, 5 H); 6.88 (d, ] = 8.3 Hz,

78 C

1 H); 5.39-532 (m, 1 H); 4.94 (d, ] = 7.6 Hz,
1 H); 4.38-4.27 (m, 4 H); 4.20 (s, 2

H); 3.70-3.61 (m, 1 H); 3.30-3.07 (m, 7 H);
2.25 (s, 1 H); 2.03 (s, 1 H); 1.97-1.90 (m, 1
H); 1.86 (s, 1 H); 1.76 (s, 1 H).

(DMSO-dg): 0 10.51 (s, 2 H); 9.69 (brs, 1 H);
9.10 (brs, 2 H); 845 (d, ] = 9.2 Hz, 1 H);
8.07 (d, ] =9.9 Hz, 1 H); 7.40-7.23 (m, 6 H);
7.19 (s, 1 H); 7.12 (t, ] = 7.1 Hz, 2 H);

79 C

1 H); 6.53 (d, T = 9.9 Hz, 1 H); 5.85 (d, ] = 8.6 Hz,

196

Salt

Trifluoro-
acetate

Trifluoro-
acetate

7.04-6.95 (m, 4 H); 6.88 (d, J = 8.3 Hz, 1 H); 6.56 (dd, J = 9.7,

1.8 Hz, 2 H); 6.20 (brs, 1 H); 5.84 (d, J = 9.1 Hz,
1 H); 5.34 (d, T = 9.5 Hz, 1 H);

4.89-4.84 (m, 1 H); 4.30 (s, 4 H); 4.21 (s, 2 H);
3.66 (t, J = 11.1 Hz, 1 H); 3.32-3.04 (m, 5 H);
3.10-3.00 (m, 2 H); 2.23 (s, 1 H); 2.06 (brs, 1
H); 1.88-1.70 (m, 3 H).

(DMSO-d,): & 10.02 (s, 1 H); 8.25 (d, T = 9.3 Hz,
1 H); 8.11 (d, T =9.9 Hz, 1 H); 7.61 (s, 1

H); 7.49 (d, J = 8.2 Hz, 1 H); 7.35-7.17 (m, 7

H); 7.08-7.01 (m, 3 H); 6.99-6.81 (m, 3 H);

646 (d, 7 =9.9 Hz, 1 H); 5.83 (d, ] = 8.3 Hz, 1
H); 5.06 (dd, J = 8.0, 4.2 Hz, 1 H); 4.66 (s, 2

80 C

H); 4.56 (s, 1 H); 3.73 (s, 2 H); 3.07 (t, ] = 10.6 Hz,

1 H); 2.73-2.59 (m, 6 H); 1.89 (s, 1
H); 1.78 (s, 1 H); 1.57 (s, 1 H); 1.45 (s, 2 H);
1.31 (s, 1 H).

Biological Characterization

Example 10
M3 Receptor Radioligand Binding Assay

Human M3 receptor membranes (15 ug/well) from Perkin
Elmer were incubated with 0.52 nM Scopolamine Methyl
Chlonide, [N-methyl-3H] with or without test compounds, or
a saturating concentration ol Atropine (5 uM) for the deter-
mination of non-specific binding. The assay was carried out

in 96-well polypropylene plates 1n a volume of 250 ul. The
assay bufler used was 50 mM Tris-HCI, 154 mM NaCl (pH

7.4). The final assay concentration of DMSO was 0.5%
(v/v). The plates were sealed and incubated for 2 hours at RT
on an orbital shaker (slow speed). Membranes were har-
vested onto 96-well unifilter GF/C filter plates pre-treated
with 0.5% polyethyleneimine (v/v), using a filter manmifold,
washed four times with 200 ul of assay builer. The plates
were dried before addition of 350 ul of microscint-0, sealed
then read in a Trilux Microbeta scintillation counter. IC50
values are determined from competition curves using a
non-linear curve fitting program. Ki values were calculated
from 1C50 values by the Cheng and Prusoil equation.

The Ki values of the most of the compounds of the
examples are less than 10 nM.

Example 11
32 Adrenoceptor Radioligand Binding Assay

Human 3, adrenoceptor membranes (7.5 ug/well) from
Perkin Elmer were incubated with 0.3 nM 125-1 Cyanopin-

35
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dolol with or without test compounds, or a saturating con-
centration of s-propranolol (2 uM) for the determination of
non-specific binding. The assay was carried out 1n 96-well

polypropylene plates in a volume of 200 ul. The assay buller
used was 25 mM HEPES, 0.5% BSA (w/v), 1 mM EDTA,

0.02% ascorbic acid (v/v), (pH 7.4). The final assay con-
centration of DMSO was 0.5% (v/v). The plates were sealed
and incubated for 1 h at RT on an orbital shaker (slow
speed). Membranes were harvested onto 96-well unifilter
GF/C filter plates pre-treated with 0.5% polyethyleneimine
(v/v), using a filter manifold, washed six times with 200 ul
of wash bufler containing 10 mM HEPES and 3500 mM
NaCl. The plates were dried before addition of 50 ul of

microscint-0, sealed then read in a Trilux Microbeta scin-
tillation counter. IC50 values are determined from compe-
tition curves using a non-linear curve fitting program. Ki
values were calculated from IC30 values by the Cheng and
Prusoil equation.

The Ki values of the most of the compounds of the
examples are less than 10 nM.

Where a numerical limit or range i1s stated herein, the
endpoints are included. Also, all values and subranges
within a numerical limit or range are specifically included as
if explicitly written out.

As used herein the words “a” and “an” and the like carry
the meaning of “one or more.”

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It 1s therefore to be understood that, within the scope
of the appended claims, the invention may be practiced
otherwise than as specifically described herein.

All patents and other references mentioned above are
incorporated in full herein by this reference, the same as 1f
set forth at length.
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The 1invention claimed 1s:

1. A compound represented by formula (I):

(D
/

H
N G M O
O

Ry R

wherein

Q 1s Q1 or Q2,

Q1

Q2

SN

N
Hoff*%%,x’

7. 1s H or OH;
Y 1s Y' or Y1 which are divalent groups of formula

YF

A—B—(CH,),—A,—C—D—(CH,),,—FE or

Y1

A, —C—B—C'—D—(CH,)p—E

wherein

Al and A2 are independently absent or are (C,-C,)

alkylene, (C,-C,)cycloalkylene, or (C;-Cg)hetero-
cycloalkylene optionally substituted by one or
more substituents selected from the group consist-
ing ol (C,-Cylalkyl, aryl(C,-Cy)alkyl, and het-
croaryl(C,-Cj)alkyl;

B 1s absent or 1s (C,;-Cg)cycloalkylene, (C;-Cy)

heterocycloalkylene, arylene, or heteroarylene,
optionally substituted by one or more groups
selected from the group consisting of halogen,
nitrile, linear or branched (C,-Cj)alkyl, linear or
branched (C,-C;)haloalkyl, (C,-Cy)alkoxy, aryl,

aryl(C,-Cg)alkyl,

—NR-(Ry) and heteroaryl;
C and C' are absent, or are independently —O—,

—CO—, —0OC(0O)—, —C(0O0O)—, or one of the
tollowing groups C1-C14
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198
C1
R, O
|
L
2
O_(CHz)H_O H
O
C3
O
[
1
((‘jHZ)H O
COOR
C4
O
% [
T (CHy)—O0—C
R7
C5
O
%_ u
ﬁ——O——%CHﬂ;—TF—{E
O R,
C6
O
[
1 I
%——N——{CHQ;—O——C
C7
O R~ O
% I |
O C (‘3 NH—C
Rg
C8
I I
% I“J C IiJ (CHQ)H—O C
R; R
C9
I I
§ C T (CHy)7—O—C
R7
C10
O
§ [
(CH;)—O0—C
Cl1
I I
% f T‘ (CHy)—O—C
O R,
C12
O O
%H / u
c——N\L (CH,)—O—C
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_continued Y 1s Y1 which 1s a divalent group of formula
Cl3
i
I‘\T—(CHZ)H—O—C 1l
5
07 N A —C—B—(C'—D—(CH,)p—E
O R-
C14
O O
S | 10 wherein Al 1s absent or 1s (C,-Cy)alkylene, (C5-Cy)
N—¢C O—¢C cycloalkylene, or (C;-Cy)heterocycloalkylene,
optionally substituted by one or more substituents

selected from the group consisting of (C,-C;)alkyl,
aryl(C,-Cy)alkyl, and heteroaryl(C, -C)alkyl;

wherein R, R~ and R, are independently H or linear B 1s absent or 1s (C;-Cy)cycloalkylene, (C,4-C, )hetero-

or branched (C,-C,)alkyl, (C5-Cy)cycloalkyl, (C,- = Cyclofalkylenej arylene, and heteroarylene, optionally
C,)cycloalkyl(C,-C)alkyl, (C,-C)heterocy- substituted b.y One Or more groups s:elfacted .from the
cloalkyl(C,-Cy)alkyl, aryl, or aryl(C,-C,)alkyl, group consisting of halogen, nitrile, linear or

branched (C,-Cy)alkyl, linear or branched (C,-C)

optionally substituted by one or more substituents haloalkyl, (C,-C.)alkoxy, aryl, and heteroaryl:
selected from the group consisting of (C,-Cy) »q C and C’ :.are labs?ant or ére ifldependently jO ,,

alkyl, halo(C,-Cy)alkyl, halogen atom, (C,-Cy) — CO—, —OC(0)—, —C(O0)—, or is one of the
alkoxy, and halo(C,-Cy)alkoxy;

D 1s absent or 1s (C,-Cjlalkylene, arylene, het-
croarylene, and (C;-Cgheterocycloalkylene,

following groups C1-C14

optionally substituted by one or more (C,-Cy) *° Cl
R, O
alkyl groups; | H
n, n', m and p are independently O or an 1nteger {from N
1 to 3;
E 1s absent or 1s —O— or —OC(O)—; 30 =
G 1s arylene optionally substituted by one or more O— (CHy), —O
substituents selected from the group consisting of ’ H
halogen atom, —OH, oxo (—0), —SH, —NO,, O
—CN, and —NH,; s 0 C3
R, is H; . S\
R, 1s H or (C,-C)alkyl or aryl, optionally substituted | |
by one or more halogen atoms; (?Hz)ﬂ O
M 1s —N(R;)— A0 COOR;
R; 1s H or (C,-Cy)alkyl; . C4
R, 1s a group of formula J1 |
I‘\T—(CHZ)H—O—C
1 45 R7
C5
;‘;\ i
& oyt
\N/ 50 O R
Co6
O
or a pharmaceutically acceptable salt thereof. !—R? O
2. A compound or pharmaceutically acceptable salt IJJ (CHy)—0 ll
according to claim 1, wherein Q 1s Q1 55 ak
C7
. I
|
O—C—C—NH—C
60 |
Rg
C8
O O
| [
N—C—N—(CH,)—0—C
: |

R- R
7. 1s H or OH;
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-continued
9
O O
§ | [
C T—(CHZ)H 0O—C
R
C10
O
% [
(CH))—™O0—C
C11
O O
§ | [
is I*‘J—(CHZ)H O—C
O R~
C12
O O
%\ / > [
C—N\ (CHy)—O0—C
C13
I
T—(CHE)H—O C
0=\
0// \R;;
14

O O
§_H u u_§
N—C O—C

wherein R, R, and R, are independently H or linear or
branched (C,-Cj)alkyl, (C;-Cy)cycloalkyl, (C;5-Cy)
cycloalkyl(C,-C,)alkyl, (C;-Cy)heterocycloalkyl
(C,-Cylalkyl, aryl, or aryl(C,-Cj)alkyl, optionally
substituted by one or more substituents selected from
the group consisting of (C,-Cy)alkyl, halo(C,-C,)
alkyl, halogen atoms, (C,-C;)alkoxy, and halo(C,-
Cylalkoxy;

D 1s absent or 1s (C,-Cjalkylene, arylene, het-
croarvlene, or (C,-Cq)heterocycloalkylene, option-
ally substituted by one or more (C,-C;)alkyl groups;

n and p are independently O or an iteger from 1 to 3;
E 1s absent or 1s —O— or —OC(O)—;

G 15 arylene optionally substituted by one or more sub-

stituents selected from the group consisting of halogen
atom, —OH, oxo (=0), —SH, —NO,, —CN, and
—INH,.

3. A compound or pharmaceutically acceptable salt
according to claim 1, wherein Al 1s selected from the group
consisting of methylene, propylene, and butylene;

B 1s absent or 1s selected from the group consisting of

piperidinylene, phenylene, pyridinediyl, furanediyl,
thiophenediyl, and cyclohexylene, optionally substi-
tuted by one or more groups selected from methoxy,
tritfluoromethyl, fluorine, and chlorine;

C 1s absent or 15s —OC(O)—, or one of C4 and C7-C13
C4

I

T_(CHZ)H C

R7
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202
-continued
7
O R, 0
% I [
O C (‘3 NH C
Rg
C8
O O
% [ [
1~‘J C IiJ (CH,),—O0——C
R, R
9
O O
%H [
C—T—(CHg)H—O—C
R7
C10
I
%(CHE)H—O $
Cl1
O O
| [
iS T (CHy),—O0——C
O R~
C12
I I
§ C ND—(CHE)H—O C
C13

C' 1s absent or —CO—,

wherein R, R, and R, are independently H or linear or
branched (C,-Cjlalkyl, (C;-Cy)cycloalkyl, (C;5-Cy)
cycloalkyl(C,-Cyalkyl,  (C;-Cg)heterocycloalkyl
(C,-Cylalkyl, aryl, or aryl(C,-C,)alkyl, optionally
substituted by one or more substituents selected from
the group consisting of (C,-Cy)alkyl, halo(C,-C,)

alkyl, halogen atom, (C,-C,)alkoxy, and halo(C,-C)
alkoxy;

D 1s absent or 1s (C,-Cy)alkylene, arylene, heteroarylene,
or (C;-Cy)heterocycloalkylene, optionally substituted
by one or more (C,-C,)alkyl groups;

nis 2 or 3 and p 1s 1;

E 1s —O—; and

(G 1s phenylene.

4. A compound or pharmaceutically acceptable salt

according to claim 1, wherein Q 1s a group of formula Q1 or

Q2

Q1

m
LA

AN

HO
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-continued -continued
Q2 Co6
) i
) e
5
‘ oF
10 [ |
O—(C—(C—NH—C
7. 1s H or OH; 1J1
Y 1s Y' which 1s a divalent group of formula ; -
O O
’ g_ [ [
v I*‘J—C—T‘\T—(CHg)H—O—C
R- R
A, —B—(CH,),—A,—C—D—(CH,),,—FE o
O O
2 | [
— N—(CHy)=—0—C
wherein ]J{
Al and A2 are mdependently absent or are (C,-Cy) ? C10
alkylene, (C;-Cg)cycloalkylene, or (C5-Cg)heterocy- O
cloalkylene, optionally substituted by one or more »s |
substituents selected from the group consisting of (CH)—=0O—¢C
(C,-Cylalkyl, aryl(C,-C,)alkyl, and heteroaryl(C,-

Celalkyl; C11
B 1s absent or 1s (C;-Cy)cycloalkylene, (C;-Cg)hetero-
cycloalkylene, arylene, or heteroarylene, optionally 30

substituted by one or more groups selected from the
group consisting of halogen, nitrile, linear or

NN NN
O
O

branched (C,-Cy)alkyl, linear or branched (C,-C) C12
haloalkyl, (C,-Cy)alkoxy, aryl, aryl(C,-C)alkyl, |/ >7 [
—NR-(Ry), and heteroaryl; 35 C—N (CH,)7—O0—C
C and C' are absent or are independently —O—, \
—CO—, —0C(0O)—, —C(O0O)—, or one of the C13

following groups C1-C14 |

40 ‘
Cl O=S

R O
l? O// \R;
N Cl4
I \
45
2 N—C < > o

O 50 wherein R, R, and R, are independently H or linear or

C3 branched (C,-Cyalkyl, (C,-C,)cycloalkyl, aryl, or
aryl(C,-C,)alkyl, optionally substituted by one or
more substituents selected from the group consisting
of halogen atom and (C,-Cj)alkoxy;

D 1s absent or 1s (C,-C,)alkylene, arylene, het-
eroarylene, or (C,-Cg)heterocycloalkylene, option-
ally substituted by one or more (C,-C,)alkyl groups;

n, n' and m are independently O or an integer from 1 to

O

P

O—(CH;),—O0O H

?
——
(CHy), O

| 55
COOR~

C4

| 60 ( 1s arylene optionally substituted by one or more sub-
Ry stituents selected from the group consisting of halogen

CS atom, —OH, oxo (=0), —SH, —NO,, —CN, and
ﬁ' ~ NH.; R,.
5. A compound or pharmaceutically acceptable salt

| | 65 according to claim 1, wherein
0 R

C—O— (CHy)—N—C

O
3
§—N—(CH2)H—O—ll E 1s absent or 18 —O— or —OC(O)—;

Al 1s selected from the group consisting of methylene,
propylene, and butylene;
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A2 1s absent or 1s methylene or piperidinylene;

B 1s absent or 1s phenylene, pyridinediyl, furanediyl,
thiophenediyl, or cyclohexylene, optionally substituted
by one or more groups selected from the group con-
sisting of methoxy, trifluoromethyl, fluorine, and chlo-

rine;
C 1s —O— or —OC(O)— or 1s one of the groups C4 or
C8-C12
C4
I
%T_(CH&?—O_C
R7
C8
O O
g_ u [
T‘J—C—T—(CHE)H—O—C
R, R’
C9
O O
%_u u
_I“J_(CHz)H_O_C
R7
C10
O
% |
(CHy)7—O—C
Cll1
O O
g_\ u
‘S_I“J_(CHz)H_O_C
O R
Cl2
O O
% | |
C N\ (CHy);7O0—0C

wherein R, and R, are independently H or selected
from the group consisting of methyl, ethyl, benzyl,
phenyl, 1sopropyl, cyclohexyl, chloro-benzyl, and
fluoro-benzyl;
D 1s absent or i1s phenyl;
nis 2 or 3;
n' s 1;:
m 1S
E 1s absent or 1s —O—;
and G 1s phenylene.
6. A pharmaceutical composition, comprising a com-
pound or pharmaceutically acceptable salt according to
claiam 1, and one or more pharmaceutically acceptable

carriers and/or excipients.

7. A method for the treatment of a broncho-obstructive or
inflammatory disease, comprising administering an effective
amount of a compound or pharmaceutically acceptable salt
according to claim 1 to a subject 1n need thereof, wherein
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said broncho-obstructive or inflammatory disease 1s asthma
chronic bronchitis, or chronic obstructive pulmonary dis-
case.

8. A combination, comprising a compound or pharmaceu-
tically acceptable salt according to claim 1 one or more
active mgredients selected from the group consisting of a
beta2-agonist, antimuscarinic agent, mitogen-activated pro-
tein kinase (P38 MAP kinase) inhibitor, nuclear factor
kappa-B kinase subunit beta (IKK?2) inhibitor, human neu-
trophil elastase (HNE) inhibitor, phosphodiesterase 4
(PDE4) inhibitor, leukotriene modulator, non-steroidal anti-
inflammatory agent (NSAID), antitussive agent, mucus
regulator, mucolytic, expectorant/mucokinetic modulator,
peptide mucolytic, antibiotic, inhibitor of JAK, SYK 1nhibi-
tor, mhibitor of PI3Kdelta or PI3Kgamma, corticosteroid,
and M3-antagonists/PDE4-inhibitor (MAPI).

9. A pharmaceutical composition according to claim 6,
which 1s 1n a form suitable to be adminmistered by inhalation.

10. A pharmaceutical composition according to claim 9,
which 1s an inhalable powder, a propellant-containing meter-

ing aerosol, or a propellant-free inhalable formulation.

11. A device, comprising a pharmaceutical composition
according to claim 6 and which 1s a single- or multi-dose dry
powder inhaler, a metered dose inhaler, or a soft mist
nebulizer.

12. A method for the treatment of a broncho-obstructive
or inflammatory disease, comprising administering an eflec-
tive amount of a compound or pharmaceutically acceptable
salt according to claim 2 to a subject in need thereof,
wherein said broncho-obstructive or inflammatory disease 1s
asthma chronic bronchitis, or chronic obstructive pulmonary
disease.

13. A method for the treatment of a broncho-obstructive
or inflammatory disease, comprising administering an eflec-
tive amount of a compound or pharmaceutically acceptable
salt according to claim 3 to a subject in need thereof,
wherein said broncho-obstructive or inflammatory disease 1s
asthma chronic bronchitis, or chronic obstructive pulmonary
disease.

14. A method for the treatment of a broncho-obstructive
or inflammatory disease, comprising administering an eflec-
tive amount of a compound or pharmaceutically acceptable
salt according to claim 4 to a subject in need thereof,
wherein said broncho-obstructive or inflammatory disease 1s
asthma chronic bronchitis, or chronic obstructive pulmonary
disease.

15. A method for the treatment of a broncho-obstructive
or inflammatory disease, comprising administering an eflec-
tive amount of a compound or pharmaceutically acceptable
salt according to claim 3 to a subject in need thereof,
wherein said broncho-obstructive or inflammatory disease 1s
asthma chronic bronchitis, or chronic obstructive pulmonary
disease.

16. A method for the treatment of a broncho-obstructive
or inflammatory disease, comprising administering an eflec-
tive amount of a combination according to claim 8 to a
subject in need thereol, wherein said broncho-obstructive or
inflammatory disease 1s asthma chronic bronchitis, or
chronic obstructive pulmonary disease.
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